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Abstract 


Tlie  objective  of  the  work  was  to  prepare  new  oxidizers  composed 
of  combined  forms  of  chlorine,  oxygen,  and  fluorine.  Emphasis  was 
placed  on  the  use  of  CIF3,  CIF5,  CIO2F,  and  CIO3F  as  starting  materials. 
Experimental  techniques  Included  high  pressure-high  temperature  reactions, 
arc  and  glow  discharge  reactions  and  electrochemical  reactions  in  inter- 
halogens  end  other  active  fluorinating  solvents - 

Attempts  to  form  salts  of  the  alleged  0103?“^  and  CIO2F2  ^  ions  by 
the  reported  interaction  of  chlorates  and  fluorides  were  not  successful. 

No  evidence  for  the  existence  of  the  salts  was  found  after  rigorous 
elemental,  Infrared  and  X-ray  analysis  of  the  products.  It  is  concluded 
that  these  salts  cannot  be  prepared  by  the  methods  reported  In  the  literature. 

The  heat  of  combustion  of  NH,jC104  with  CO  has  been  measured  and 
from  the  data  the  standard  heat  of  formation  of  NH4C10;j  is  calculated  to 
be  -71.13  kcal./mole  with  an  estimated  uncertainty  of  0.32  kcal.  This 
confirms  the  earlier  reported  values  of  -70.74  +  0.32  (A.  A.  Gilliland  and 
W.  H.  Johnson,  J.  Research  Nat'l  Bur.  Standards,  65A,  67  (1961)  and 
-70.63  kcal.  (M.  M.  Birky  and  L.  G.  Hepler.  J.  Phys.  Chem.  686 
{I960))  obtained  from  solution-calorimetric  measurements. 

CIO3F  did  not  react  with  the  following  compounds  under  a  variety 
of  high  pressure  and  temperature  conditions  although  in  many  cases 
thermal  degradation  occurred:  SbFs,  SFg,  BF3,  CIF3,  F2 .  CSCIF4,  CIF5, 
ClF4SbF0  and  NO2F.  Additional  attempts  to  fluorinate  CIO3F  with  F2  in 
an  electric  discharge  were  unsuccessful. 

The  laboratory  procedure  for  the  safe  preparation  of  CIO2F,  which 
was  used  as  an  intermediate,  was  developed  to  yield  3.0  grams  per  day. 
Liquid  CIO2F  will  react  with  metal  storage  vessels  and  d°compose  to 
C103r,  CIO2  and  Cl2-  vStorage  is  best  carried  out  at  -80 'C. 

CIO2F  was  partially  fluorinated  bv  elemental  fluorine  and  not 
fluorinated  bv  chlorine  ponta fluoride,  chlorine  trifluoride,  cesium  tetra- 
fluorochlorate  and  cesium  fluoride  under  a  variety  of  temperature  and 
pressure  conditions.  From  the  results  of  experiments  with  CIF5-CIO2F, 
it  appears  that  CIO2F  will  induce  the  thermal  decomposition  at  temperatures 
as  low  as  230°.  Under  similar  conditions  CIF5  is  stable  to  350°. 

NO2F  reacts  with  CIO2F  over  a  period  of  4  days  at  -78”  to  form  a 
solid  adduct  with  a  melting  point  of  -22'  and  a  vapor  pressure  of  740  mm. 
at  0”.  The  solid  and  its  melt  is  insoluble  in  GIF-. 
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Attempts  to  prepare  novel  Cl-F  compounds  by  pyrolysis  ol  CIF3 
and  subjecting  CIF3  and  mixtures  of  C1F3  and  F2  to  electrical  discharges 
and  gamma  irradiation  were  unsuccessful.  CIF3  was  not  affected  by  O2 
in  a  spark  or  corona  discharge  and  contact  with  ozone  at  -78°. 

In  a  supporting  study  nitryl  tetrafluorochlorate,  NO2CIF4,  was 
prepared  by  reaction  of  NO2F  with  CIF3  at  -78°.  The  vapor  pressure 
was  measured  from  -50°  (30  mm)  to  +25°  (1360  mm)  and  can  be  expressed 
by  the  equation: 


logjQp  (mm)  =  7.945  -  1436 
T 

From  these  data  the  equilibrium  constant  is  calculated  to  be  0.250 
atmospheres  at+9.5°C. 

logjgKp=9.409  -2840 
T 

The  apparent  heat  of  dissociation  to  NO2F  and  CIF3  is  +13  kcal/mole. 

As  in  the  case  of  C1F3,  attempts  to  prepare  novo)  Cl-F  compounds 
using  CIF5  as  an  intermediate  were  unsuccessful.  Those  involved 
fluorinatlon,  pyrolytic,  and  discharge  techniques  and  the  following 
reactants:  F2,  CsF,  CIF3.  In  addition  CIF5  did  not  react  with  the 
following  oxygen -containing  compounds  although  in  many  case.s  degrada¬ 
tion  of  the  CIF5  occuired:  O2,  O3,  CIO2F,  CIO3F,  KCIO3,  KCIO4,  and 
CSCIO4 . 

NO2F  reacted  with  CIF5  at  low  temperatures  to  give  a  1:1  liquid 
adduct  possessing  a  vapor  pressure  of  one  atmosphere  at  -28°.  The 
liquid  product  is  not  a  simple  solution  since  the  vapor  pressure  at  all 
temperatures  is  considerably  lower  than  that  predicted  by  Raoult's  law, 
e.g.  observed,  5  mm  at  -78°;  predicted,  292  mm. 

CIF5  reacts  with  SbFs  to  produce  ClF45bFg,  m.p.  34-35°,  which 
is  analogous  to  ClF2SbF0,  m.p.  225-228°.  Both  materials  are  reactive 
v/ith  all  but  highly  fluorJnated  materials.  On  storage  in  Kel-F  containers 
ClF4SbF0  (and  to  a  lesser  extent  ClF2SbF0)  will  induce  extreme  stress 
cracking  of  the  plastic  within  hours. 

CIF5  did  not  form  a  complex  with  5F4,  SFg,  or  BF3  stable  at  ambient 
temperature . 

Nitrogen  trifluoride,  NF3,  did  net  react  with  the  following  compounds 
at  temperatures  in  the  general  range  200°-475°C  and  pressures  of  650- 
2125  pslg:  CIF3,  CIF5,  CIO3F,  CSCIF4,  ClF2SbF0,  and  ClF4SbF0. 
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Tetrafluorohyclrazlno  is  a  reductant  for  the  series  of  rhlorlne  fluorides 
at  25(;°  accorciliig  to  the  oquations 

+  ClFj - >  2NF3  +  CIFj 

N2r4  +  C!F3  - ^  2NF3  +  CiF 

N3F4  +  ZCiF  - ^  2NF3  +  CI2 

Reactions  of  complexes  of  CIF5  and  CIF3  (OF^Sbrp,  CsCir^,  Cir2SbFg) 
with  N2Fi5  involve  first  a  thermal  decomr>osUion  of  the  complex  followed 
by  fluorination  of  N2F4  by  the  free  chlorine  fluoride. 

N2F4  and  CIO2  react  at  25"  in  a  flow  system  to  produce  NOF  and  Cl2. 

The  trans  isomer  of  dlfluorodiaxine  did  not  react  with  CIO^F,  or  CIF5 
at  temperatures  from  -78''  to  25n"C.  Witli  CIO2F,  trnns-N2F2  di<.l  not 
react  in  the  range  -78“'  to  25^  but  at  200",  reaction  occurred  resulting 
in  the  formation  of  CIF3.  NF3,  N2,  and  O2  - 

Cis-difluorodias.lne  did  not  react  with  the  following  compounds  in 
the  range  -78°  to+150°C:  CIO2F,  C103F,  OF2,  ClFg,  CIF3,  and  GIF. 

At  or  above  150°,  thermal  decomposition  of  N2F2  to  N2  and  F2  became 
appreciable  resulting  in  the  fluorination  of  the  coreactants  CIF3  and  GIF. 

Oxygen  difluoride,  OF2 ,  did  not  react  with  the  foHovring  compounds 
at  temperatures  in  the  general  range  150"-250"G  and  pressures  of  500- 
2950  psig:  CIF3,  CIF5,  CIO2F,  CIO3F,  Nr3,  SbFs,  GsF,  CSGIF4, 
ClF2SbFg,  ClF4SbFg.  In  most  experiments  some  thermal  decomposition 
of  the  OF2  to  O2  and  took  place  and  the  extent  of  the  decomposition 
increased  with  temperature.  Oxygen  difluoride  reacted  with  the  simple 
chlorides  NaCl.  CsCl,  and  CaCl2  to  form  the  corresponding  fluorides  and 
to  liberate  O2  and  CI2. 

OF2  +  2MC1 - >2Mr  +  1/2  02 

The  reaction  was  very  exothermic  between  CaG]2  and  Or2  below  room 
temperature . 

Oxygen  difluoride  did  not  react  with  CI2  or  GIF  at  25 'C;  however, 
at  150°,  In  a  static  system,  these  formed  GIF  and  CIF3,  respectively, 
in  addition  to  oxygen  and  a  small  amount  of  CIO2F. 

The  fluorination  of  CIO2  in  a  flow  system  with  GIF5,  NF3.  and 
OF2  was  studied  with  the  following  results:  CIF5  produced  CIO2F,  Cl2» 
and  O2;  NF3  did  not  react;  and  OF2  formed  CIF5,  CIO2F,  and  CIO3F. 
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In  contrast  the  fluorlnation  of  CI2O  with  either  r2  or  OF2  ''n  a 
static  system  at,  respectively,  155*  and  130"  produced  the  new  oxidizer, 
trifj'uorochlorine  oxide,  OCIF3. 

A  study  was  carried  out  to  determine  the  feasibility  of  preparing 
new  oxidizers  by  electrolysis  of  systems  containing  as  solvents  or 
solutes  CIF3,  CIF5,  CIO2F,  CIO3F  and  other  halogen  fluorides.  The 
feasibility  of  this  approach  was  partially  demonstrated  by  the  prepara¬ 
tion  of  CIF5  by  electrolysis  of  CIF3  containing  either  CsF  or  SbF5  as 
solutes  at  0”C . 

Unfortunately  many  of  the  halogen  fluorides  and  halogenyl  fluorides 
of  Interest  as  solvents  and  reactants  are  poor  conductors,  and  the  electrical 
equivalents  which  can  be  passed  through  a  system  are  extremely  small  per 
unit  time.  The  conductivities  of  CIF3,  BrF3,  CIF5,  SbF5,  IF5,  CIO3F, 

BrFr,  NO2F,  and  HF  are,  respectively  {ohm"l  cm"^);  4  x  10"'^  (0”),  ^ 

7.53  X  lO"*’  (25”),  <2.11  x  10~^  (-23. 9°) ,  <2 . 1 1  x  lO"^  i'25"),  5.65  x  10  ^ 
(25"),  <2.1  X  10-9  (-51°),  2.73  x  10"®  (25°),  <10"®  (-'5^8°),  <  10"®  (-12"), 
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Synthesis  of  Inorganic  Oxidizers 


I,  introduction 

This  research  was  directed  to  the  preparation  of  solid  oxidizers 
coinposed  of  combined  forms  of  chlorine,  oxygen,  and  fluorine.  In 
particular,  we  v/ere  interested  in  those  ions  or  compounds  in  which 
chlorine  as  a  central  atom  is  coordinated  with  four,  five,  or  six  ligand 
atoms.  The  elements  most  suited  and  most  desired  for  combination  with 
chlorine  are  fluorine,  oxygen,  and  nitrogen  because  of  their  relatively 
low  atomic  weight,  high  oxidizing  potential  and  their  suitable  dimensions 
and  electronegativities  as  Illustrated  below: 


g_ 

£  N 

Atomic  weight 

1  6 

19 

Relative  electronegativity 

3.5 

4.0  3.0 

Atomic  covalent  radius  (A) 

0.74 

0.72  0.74 

Cl-X  bond  strength  (kcal)  • 

49 

41  48 

The  similarity  of  the  above  properties  Implies  that  there  may  be 
little  entrcpic  or  enthalplc  objections  to  the  substitution  of  one  element 
for  either  of  the  other  elements  under  the  proper  circumstances.  Known 
species  like  perchlory!  fluoride,  CIO3F,  and  the  perchlorylamide  ion, 
C103N"2,  indicate  the  plausibility  of  seeking  new  oxidizers  by  the 
principal  of  substitution  of  nitrogen  or  fluorine  for  oxygen  in  the  several 
oxides  and  ions  of  chlorine.  Other  examples  are  chloryl  fluoride,  CIO2F, 
and  the  chlorylamide  ion,  CIOgNH',  and  schematic  relations  are  outlined 
below: 


O  -1 

t  ■ 

o-e  ci->o 
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The  similarity  of  the  oxide  and  fluoride  ions  In  such  structures  is 
11.  'Strated  by  the  formation  of  CIO3F  and  the  fact  that  it  is  a  stable, 
symmetrical  molecule  of  nearly  zero  dipole  moment  (Ref.  1).  In  addition, 
the  similarity  of  O  and  F  is  so  close  that  the  molecule  has  difficulty  in 
distinguishing  between  the  two  and  a  somewhat  random  orientation  exists 
in  the  crystal  at  low  temperatures,  resulting  in  a  small,  but  measurable, 
zero  point  entropy  (Ref.  2) .  Less  is  known  about  the  equivalence  of  nitride 
and  fluoride  ions  although  C103N“2  forms  many  stable,  but  shock  sensitive, 
salts. 


By  analogy,  it  is  possible  to  propose  a  number  of  feasible  oxidizers 
by  application  of  this  "substitution  principle”  to  known  compounds  and  ions 
containing  chlorine  in  its  normal  valence  states.  Of  particular  interest  are 
C103F“2,  C102F2",  OCIF3,  OCIF2''',  C1F4‘'‘,  OCIF,  etc.,  which  were  considered 
as  target  oxidizers  for  this  synthesis  program. 

In  addition,  the  synthesis  of  chlorine  pentafluoride,  CIF5,  (Ref.  3)  has 
indicated  that  a  variety  of  novel  oxidizers  might  be  prepared  using  this 
material  as  an  intermediate.  Like  BrFs  (Ref.  4),  CIF5  is  reported  to  have 
the  same  pyramidal  configuration'  (Ref.  3b).  Pauling  suggested  that  in  a 
Structure  of  this  type  the  bonds  are  directed  toward  the  five  comers  of  a 
square  pyramid  which,  with  the  unshared  pair,  would  form  an  octahedron 
(Ref.  5,  page  180). 


F 


Presumably  this  material  could  function  as  a  base  toward  Lewis  acids 
more  electrophilic  than  CIF5  itself.  We  have  been  interested  in  forming 
adducts  of  CIF5  with  O,  NO2,  NO,  SbF5,  etc  In  addition,  we  examined 
the  possibility  of  the  formation  of  stable  salts  containing  the  C1F4'’'  and 
ClFs”  ions. 

Our  studies  have  involved  the  use  of  GIF,  CIF3,  CIF5,  CIO2F,  Ci02. 
CI2O,  and  CIO3F  as  starting  materials  and  the  experimental  techniques 
being  used  include  high  pressure  (ca  6000  psig),  high  temperature  (up  to 
500'C),  corona  and  arc  discharges,  flow  reactions  at  ambient  pressure, 
and  electrochemical  reactions  in  interhalogen  solvents . 
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Rr.^n!.l,>  AND  DiSCUSSION 

A .  A tt 0 mptcd  Syn thesis  of  Trioxofluorochlorate (V)  and  Dioxodlfluoro- 
rjilcralG  fV)  Salts 

The  initial  phases  oi  this  program  were  directed  toward  the 
preparation  of  trioxofluorochlorate ^V) ,  salts  containing 

combustible  cations.  Oi  particular  interest  were  {NH-^)_C103F , 
(N2K:;)2C103F,  [(CK3)4N]2C103r,  etc.  It  was  planned  to  synthesize 
thAe" salts  in  amounts  sufficient  for  complete  physical  and  thermo- 
chemical  evaluation  including  the  determination  of  heats  of  combustion 
or  reaction  with  appropriate  gases  (O2,  TO) .  This  vrould  permit  s 
thorough  evaluation  of  the  theoretical  performance  of  these  salts  as 
oxidizers  in  solid  propellants. 

^2 

The  only  salts  reported  to  date  presumed  to  contain  the  CIO3F 
ion  are  the  supposed  soluble  and  hygroscopic  Viydrates  of  CUCIO3F, 
ZnC103F,  NiCIOsF,  and  C0CIO3F  and  the  insoluble  and  nonhydrated 
CaClOsF  and  BaC103F  (Ret.  6-11).  Chemical,  analytical  and 
crystallographic  data  relating  to  and  supposedly  indicating  these 
compositions  and  structures  are  given. 

The  metal  trioxofluorochloratos  were  primarily  of  interest  as 
useful  intermediates  in  the  preparation  of  combustible  salts  and  the 
initial  work  was  devoted  to  the  preparation  of  pure  samples  of  trloxo- 
fluorochlorates  suitable  for  conversion  to  the  (NH4)zC103F, 
(N2H5)2C103F,  etc.  mentioned  above. 

It  is  reported  that  the  preparation  oi  the  metal  salts  Is  carried 
out  by  digestion  of  an  aqueous  solution  of  the  metal  chlorate  v.rlth  the 
stoichiometric  amount  of  the  sparingly-soluble  metal  fluoride  at  85”- 
90' .  Addition  of  nitric  or  ac<=‘tic  acid  is  required  to  effect  solution 
of  the  iiuoride. 


M(C103}z  - 5*  2MCIO3F  (M-Cu,  Zn,  Ni,  Go) 

The  digestion  is  reportedly  carried  out  in  either  Teflon  or 
platinum  ware  and  the  resulting  clear  solution  is  cooled  to  room  tem¬ 
perature  and  slowly  evaporated  to  near  dryness  in  a  paraffin-coated 
desiccator  using  either  sulfuric  acid  as  a  desiccant  or  vacuum  drying. 
Crystallization  of  the  alleged  tioxofiuorochlorate  is  supposed  to  begin 
after  75-80%  oi  the  water  is  evaporated. 

As  an  alternative  to  the  use  of  m.etal  trioxofluorochlorate s  as 
intermediates,  studies  were  conducted  to  detennine  whether  con¬ 
centrated  aqueous  solutions  of  HF  and  HCIO3  could  be  reacted 
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directly  to  produce  the  aqueous  acid,  H2CIO3F.  Attempts  were  also 
made  to  prepare  the  free  acid  by  passing  aqueous  solutions  of  salts 
believed  to  be  trioxofluorochlorates  through  columns  containing 
strong  cation  exchange  resins  (Amberllte  IR-120,  Rohm  and  Haas). 

Since  it  is  reported  that  the  related  dioxodifluorochlorate  (V) 
salts,  ClOpF?”’ ,  can  be  prepared  in  a  similar  manner  by  the  simple 
technique  of  using  an  excess  of  hydrogen  fluoride  during  the  digestion 
step,  analogous  studies  were  directed  toward  the  preparation  of  these 
salts  as  well. 

0103“  ^  2HF - >  C102F2"  +  H2O 

However,  it  is  also  reported  that  the  dioxodifluorochlorate  (V) 
salts  are  in  equilibrium  vrith  trioxofluorochlorate  salts  in  solution 
and  that  each  may  be  prepared  from  the  other  by  a  simple  shift  m 
conditions . 

C102F2"  +  H2O  - - ^  ClCsF""  +  HF  +  H+ 

For  this  reason  the  bulk  of  our  experimental  work  was  devoted  to  the 
preparation  and  characterization  of  the  trioxofluorochlorates  and  only 
a  minor  effort  was  spent  on  studying  methods  tor  the  preparation  o 
the  dioxodifluorochlorates. 

In  the  first  few  months  of  this  program  crystals  were  obtained 
by  using  the  reported  procedures  and  elemental  analyses  were 
obtained  which  evidently  confirmed  the  existence  and  composition 
of  the  reported  trioxof luorates .  Typical  analyses  received  are  given 

below: 


CuC103F-5H20:'' 

Found 

Theory 

%  Cation 

23.9% 

24.6 

%C1Q3 

32.0 

32.6 

%r 

5. 1 

7.4 

NiC103F*6H20:" 

Found 

Theory 

22.0 

21.8 

31.0 

32.5 

7.0 

6.6 

'ZnC103F*  4H2O:" 

Found 

Theory 

29.2 

27.3 

27.2 

34.8 

5.2 

7.9 

Superficially,  the  analyses  found  are  in  reasonably  good  agree 
meat  with  the  theoretical  values.  However,  during  our  studies  it 
became  apparent  by  qualitative  tests  and  X-ray  diffraction  patterns 
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that  these  isolated  materials  were  actually  fortuitous  mixtures  of 
chlorates  with  corresponding  metal  fluorides  and/or  fluosilicates . 

It  has  been  demonstrated  at  this  laboratory  that  the  use  of  paraffin- 
coated  or  halocarbon  wax-coated  desiccators  for  evaporation  of  HF- 
containing  solutions  (the  procedure  used  by  previous  workers)  will 
result  in  contamination  of  the  solutions  by  SiFg  ^  ions.  It  is 
preferred  to  use  plastic  desiccators  for  work  with  HF  solutions.  In 
addition  it  is  to  be  noted  that  New  York  University  personnel  report 
that  ClOoF'^  salts  are  isomorphous  with  fluosilicates  and  give  X-ray 
patterns  that  are  identical  with  those  of  the  corresponding  fluosilicates. 
It  is  important  to  note  that  during  our  work  it  was  found  that  up  to  10% 
63(0103)2  in  BaSiFg  could  not  be  detected  by  using  infrared  absorption 
spectra  unless  the  analyst  was  warned  beforehand  and  used  special 
techniques.  In  X-ray  analysis  up  to  20%  83(0103)2  could  not  be 
detected  as  a  result  of  simple  dilution.  Consequently  mixtures  of 
BaSiFg  and  63(0103)2  could  appear  to  be  a  single  salt  with  a  diffrac¬ 
tion  pattern  identical  with  the  fluosiiicate  but  which  would  give  strong 
oxidizing  tests  and  evolve  chlorine  oxides  on  treatment  with  sulfuric 
acids  as  would  be  expected  for  a  trioxofluorochlorate  (V)  salt. 

A  re-examination  of  the  materials  analyzed  in  the  above  table 
and  similar  products  invariably  showed  the  presence  of  silicon  in 
amounts  (1-2%)  required  for  the  presence  of  the  necessary  quantity 
of  fluosiiicate  salt. 

Our  work  involved  the  attempted  preparations  of  the  intermediates, 

CuC103F-5H20,  NiC103F- 7H2O ,  and  ZnC103F-7H20  and  particular 

trioxof luorochlorates  of  direct  interest  such  as  (NH4)2C103F, 

NH 

[(CH3)4Nl2C103F,  and  (NH2CNH3)2C103r . 

However,  all  attempts  to  reproduce  the  preparation  of  C103F"2 
and  C1C2F2“^  salts  were  unsuccessful  and  it  is  our  conciusie-.i  that 
these  salts  cannot  be  prepared  by  the  methods  reported.  A  theoretical 
consideration  of  the  valence  election  configuration  of  the  chlorine 
atom  in  the  CIO3F-2  and  C102F2"^  ions  indicates  that  these  ions 
can  only  be  formed  by  utilization  of  the  available  3d  orbitals  in 
chlorine  by  unpairing  3p  electrons  and  promoting  one  of  the  pair  to 
the  higher  energy  3d  orbital  prior  to  bonding  with  oxygen  and  fluorine 
atoms.  It  may  be  possible  that  these  ions  could  be  formed  under 
unusual  conditions  but  it  appears  unlikely  that  the  CIO3F  and 
ions  can  be  prepared  in  aqueous  systems  below  lOO'C 
as  reported . 
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Our  failures  to  prepare  the  materials  prompted  us  to  obtain 
samples  from  Dr.  A.  Ray  (Visiting  Fellow,  New  York  University, 
1962-63)  which  were  reputed  to  be  NiC103F- 41120  ^rid  GU2CIO3F 
(Gu  represents  the  guanidinium  cation,  NH2C  (NIDNHj’’")  .  In  all, 
three  samples  were  obtained  of  lOC-200  mg.  each  and  these  are 
discussed  below; 

"'M1C103F»4H20"  (First  Sample) 

A  sample  of  allegedly  pure  NiC103F-4H20  was  received  from 
Dr.  Ray  and  his  co-workers  and  infrared  X-ray  analysis  indicated 
the  sample  to  be  NiSiF0-6H2O.  Since  the  CIO3F-2  saits  are  claimed 
to  be  isomorphous  with  fluosilicates  a  chemical  analysis  for  silicon 
was  performed.  Found:  9.1%  Si  (theoretical  for  NiSiFg-6H20,  9.05A 
Si). 


Qualitative  analysis  indicated  no  oxidizing  pow-er  of  the  sample 
following  dissolution  in  water. 

"NiC102F-4H90"  (Second  Sample) 

Approximately  0.2  g.  of  a  second  sample  of  NiC103F-4H20 
was  obtained  from  Dr,  Ray  and  the  results  of  analysis  ar®  as  follows; 

Theory  for  " NiClC3F- 4H?0"  Reported  by  N.Y.U.  Found 

Cl  15.2  15.3  14.2 

F  8,1  '^•5  ‘^•2 

An  aqueous  solution  of  the  material  prov^'d  to  b-’  strongly 
oxidizing  in  a  qualitative  te.st  with  aniline  snlfot'-'  solution 
(indicative  of  a  chlorate  or  similar  oxidizing  ion  in  solution). 

An  X-ray  analysis  of  the  sample  as  receiv<^r|  indicated  the 
presence  of  NiSir5-f'H20  21^^  2”  unknown  material. 

On  the  assumption  that  the  sample  was  a  mixtur  ?  of  hydrated 
NiSiFg  and  Ni (0103)2  (to  explain  the  qualitative  tests  reported  by 
Dr.  Ray)  a  mixture  was  formulated  with  the  following  composition 
based  on  the  chemical  analysis; 

Ni(C103)2-4H20  -  64 . 8%  (by  weight) 

NiSiFg  •6H2O  -  35.2% 
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The  nickel  chlorate  was  a  special  preparation  and  was 
dehydrated  below  the  normal  hexahydrate.  iormulation  of  the 
above  mixture  was  based  on  the  relative  amounts  of  the  C!  and 
F  as  found  in  the  N.Y.U.  sample. 

An  X-ray  analysis  of  the  fresh  mixture  showed  the  presence 
of  the  two  components.  However,  on  exposure  to  atmospheric 
moisture  the  mixture  adsorbed  water  and  an  X-ray  pattern  of  the 
exposed  mixture  was  identical  to  that  obtained  for  the  sample  from 
Dr.  Ray  and  his  co-workers. 

The  sample  was  thus  a  mixture  of  NiSiF5-6H20  and  a  hydrate 
of  Ni(C103)2- 


"Gu2Ci03F" 

A  sample  (ca.  0-2g)  designated  "GU2CIO3F"  was  provided  to 
Pennsalt  by  Dr.  Ray  on  July  17,  1963.  Elemental  analysis  is  given 
below: 


Theory  for  "  (CNnHsl^ClO^"  Reported  by  Ray  found 

Cl 
F 
Si 


15.9 

8.5 

0.0 


15.3 

9.45 


lA.i 

9.2 

0.0 


X-ray  diffraction  analysis  of  the  Ray  sample  yields  an  unknown 
pattern  that  does  not  resemble  the  pattern  of  guanidinium  fluosilicate 
that  had  been  prepared  as  a  reference.  It  is  to  be  noted  that  Ray 
reports  the  CIO3F-2  salts  arc  isomorphous  with  fluosilicates  and 
give  X-ray  patterns  that  are  identical  with  those  of  the  corresponding 
fluosilicates . 


Infrared  analysis  indicates  a  basic  guanidinium  structure  for 
the  cation;  however,  guanidinium  salts  shown  a  broad  infrared 
absorption  band  centering  at  about  6/'  and  a  weaker,  sharper  band 
at  6  4-6. 5A.  This  latter  band  is  absent  in  the  infrared  spectrum 
of  the  sample;  curiously,  it  appears  to  be  absent  from  the  reported 

guanidinium  thiocyanate  spectrum  also  (Ref.  12).  It  is  believed 

that  some  modification  to  the  guanidinium  cation  has  occurred  during 
the  supposed  preparation  of  the  trioxofluorochlorates  and  especially 
during  the  dige-stion  in  the  hot  acid  oxidizing  solution.  It  is  suggested 
that  the  cation  is  a  polybasic  condensed  guanidine  or  a  higher  homolog 
of  biguanide.  Unfortunately,  the  small  sample  size  prevented  a 
thorough  characterization  of  the  material. 
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’’t  is  interesting  to  note  that  from  the  15  attempted  prepara¬ 
tions  oi  GU2CIO3F  at  this  laboratory  and  over  60  crystal  fractions 
obtained,  only  three  isolated  crystal  crops  (totaling  about  200  mg.) 
have  been  separated  and  identified  as  the  same  material  e.s  the 
N.Y.U.  sample. 

In  conclusion,  no  evidence  has  been  obtained  for  the  prepara¬ 
tion  to  date  of  either  trioxofluorochlorate  or  dioxofluorochlorate  salts 
based  on  extensive  studies  at  this  laboratory  and  examination  of 
products  claimed  to  be  these  materials.  Therefore,  all  work  involving 
preparation  of  these  salts  in  aqueous  solution  was  terminated. 

It  should  be  noted,  however,  that  the  structures  of  the  CIO3F 
and  C102F2'^  ions  are  reasonable  and  it  may  be  assumed  that  salts 
of  these  ions  will  probably  be  prepared  using  different  procedures 
than  those  reported.  This  work  was  continued  in  studies  on  the 
fluorlnatlons  of  chlorine  oxides  and  oxygenations  of  chlorine  fluorides 
and  the  unsuccessful  results  are  summarized  in  later  sections  of  this 
report . 

B.  Thermochemical  Measurements 

Heat  of  Formation  of  Ammonium  Perchlorate 

primary  objective  of  the  prooram  was  to  evaluate  new  oxidizers 
as  propellants  and,  apart  from  determining  the  stability  and  chemical 
reactivity  of  the  new  oxidizers,  this  is  most  positively  accomplished 
by  measurement  of  heats  of  combustion  and/or  reaction  followed  by 
calculations  of  heats  of  formation  from  these  data. 


The  pilot  work  was  carried  out  using  NH,}ClO/}  since  this  was 
representative  of  the  type  of  oxidiz-^r  to  be  prepared.  In  addition, 
although  accurate  heats  of  formation  of  NH4CIO4  have  been 
determined  from  solution-calorimetric  measurements  (Ref.  13,  14) 
no  data  for  the  heat  of  combustion  of  NH4CIO4  have  been  reported. 


Carbon  monoxide  was  chosen  as  a  fuel  gas  partially  on  the 
basis  of  its  availability,  ease  of  handling,  and  high  purity  and 
partially  because  a  preliminary  evaluation  of  the  heat  of  combustion 
with  NH4CIO4  indicated  that  the  heat  evolved  would  be  comparable 
with  that  expected  for  hydrogen  according  to  the  following  equations: 

1.  NH4CIO4  (s)  +  2.5H2  (g)  - ^0.5N2  (q)  +  HCl  (aq.)  +  4H2O  (1) 

Ah  =  2. 5  kca!./g.  NH4CIO4 
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2.  NH4CIO4  (s)  +  2. SCO  -  '0.5N2  (a)  +  HCl  (aq.)  +  I.5H2O  (1)  +  2.5 CO2 

/^H=2.04  kcal./q.  NH4CIO4 

It  appears  that  CO  is  a  usr'ful  fuel  gas  and  may  be  applicable 
to  a  variety  of  oxidizers  (Ref.  15,  16).  However,  it  must  be  noted 
that  the  combustion  of  oxidizers,  such  as  NH4CIO4,  containing 
hydrogen  yields  high  temperature  water  vapor  which  can  undergo  a 
water-gas  reaction  with  the  excess  CO  present  with  the  bomb. 

3.  CO(g)  +  H20(g)  - *C02(g}  +  H2(g)  ^h2®®=-9.84  kcal. 

In  the  final  analysis  of  the  combustion  data  for  the  equation  2. 
above,  corrections  must  be  applied  for  the  amount  of  water  vapor 
entering  into  the  water-gas  reaction,  noted  In  eq.  3.  This  correction 
is  calculated  according  to  the  followir.g  equations: 

H2O  (liq.) - »H20(g)  Ah298=  +  10 . 520;  AE298=+g.93o  kcal. 

CO(g)  +  H20(g) - 5-002  (g)  +  H2  (g)  Ah298=  .9 . 840; 

Ae298=_9.840  kcal. 

Ae  =  +  .088  kcal. /mole  002* 

The  data  obtained  are  presented  in  Table  1.  The  Ae  of  the 
combustion  process  is  2033  cal./g.  NH4Ci04  or  238.87  kcal./mojg 
NH4CIO4.  This  corresponds  to  an  enthalpy  of  combustion, 
equal  to  -238,57  kcal.  vrith  an  estimated  uncertainty  of  +  0.32  kcal. 

Using  the  values  -38.139*.  -26.4157,  -94.0518,  -68,3174 
and  57,7979  kcal.  for  the  standard  heats  of  formation  of,  respectively, 
aqueous  HCl,  CO(g),  C02{g).  H20{llq.),  andH20{g),  the  standard 
heat  of  formation  of  NH4C104(c)  at  25'C  is  calculated  to  be  -71.13 
+  0.32  kcal. /mole. 

The  value  -71.13  +  0.32  kcal.  is  in  good  agreement  with  the 
reported  solution-calorimetric  values  -70.74  +  0.32  (Ref.  13)  and 
-70.63  kcal.  (Ref.  14)  for  the  standard  heats  of  fonnation  of 
NH4CIO4. 


*  (The  l)eat  of  formation  of  HCl  (aq.)  was  graphically  determined 
from  the  data  presented  in  N.B.S.  Circular  500  and  for  the  average 
concentration  taken  to  be  one  mole  HCl  per  7,19  moles  water  as 
determined  by  analysis). 
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It  is  to  bo  noted  that  the  heat  capacity  of  the  calorimeter, 
2455  +  2.8  cal./"C,  was  determined  by  the  combustion  of  benzoic 
acid  in  oxygen  under  certificate  conditions.  The  correction  in  the 
heat  capacity  of  the  calorimeter  due  to  a  substitution  of  CO  for  O2 
amounts  to  0.025  cal./°C  and  was  considered  negligible. 

C.  Investigations  01  the  Preparation  of  Derivatives  of  Perchlorvl 
Fluoride 


Perchloryl  fluoride  might  appear  to  be  a  promising  intermediate 
in  the  preparation  ol  new  oxidizers,  but  its  symmetry  and  the  near 
equivalence  of  the  Cl-O  and  Cl-F  bond  energies  are  serious 
handicaps.  To  date,  it  is  impossible  to  selectively  activate  and 
cleave  either  a  Cl-O  or  a  Cl-F  bond  by  such  physical  means  as 
heat,  pressure,  electric  discharges,  ultraviolet  radiation,  gamma 
radiation,  etc.  If  the  minimum  energy  is  achieved,  uncontrolled 
decomposition  occurs  resulting  in  products  representing  almost 
every  stable  combination  of  the  component  elements  including 
CIO2F,  CIO2,  ClFg,  GIF,  Cl2r  02.  and  F2-  Chemically,  it  is 
known  that  unstable  complexes  can  be  formed  with  various  bases 
such  as  phosphines,  sulfides,  and  amines;  however,  these  rapidly 
degrade  with  subsequent  oxidation  of  the  organic  compounds  to 
phosphine  oxides,  sulfoxides  (and  sulfones),  and  Schlff's  bases 
or  enamines.  In  several  isolated  instances,  intermediates  in  the 
degradation  processes  have  been  found  stable  and  have  been  fully 
characterized  (Ref.  17). 


CH3 


N-perchloryl  piperidine 
(sensitive  compound, 
explodes  on  warming 
to  80*  C) 


N-fluoro-2 ,2,6, 6- tetramethyl- 
plperidine-4-one 
b.p.  60-61'’/l.3  mm 
Stable  liquid 


In  contrast,  attempts  to  fluorlnate  perchloryl  fluoride  with  a 
variety  of  fluorinating  agents  under  a  variety  of  conditions  have  been 
unsuccessful.  These  experiments  are  discussed  below. 


Perchloryl  fluoride  was  reacted  with  SbF5  in  a  monel  autoclave 
at  260'  in  an  attempt  to  activate  and  fluorinate  the  CIO3F  molecule 
by  the  strong  Lewis  acid.  On  cooling  it  was  found  that  no  reaction 
had  occurred.  The  charge  was  again  heated  at  420 'C  for  15  hours. 
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and  after  cooling,  the  volatile  products  were  identified  as  O2  and 
CI2.  A  voluminous  yellow-green  solid  filled  the  reactor  and  was 
subsequently  characterized  as  a  mixture  of  SbF5  and  complexes 
of  SbFs  with  various  metal  fluorides.  The  solid  phase  contained 
barely  1.4%  chlorine.  Apparently  a  complete  decomposition  of 
the  CIO3F  occurred  triggered  by  the  presence  of  SbFj . 

SbFc 

2CIO3F  GI2  +  302  +  F2 

1/2  F2  +  M  (reactor  metal) - ?-  MF 

MF  +  SbFs  - >  MSbFg 

With  the  same  objective,  equimolar  mixtures  of  CIO3F  and 
SbF5  were  treated  with  an  equivalent  amount  of  CIF3  at  temperatures 
up  to  420°,  generating  autogenous  pressures  from  700  to  4000  psig. 
On  cooling  to  25°,  the  CIO3F  was  recovered  unchanged  aitd  the 
CIF3  was  found  to  have  reacted  with  the  SbFg  to  form  ClF2SbF0. 

It  is  interesting  to  note  that  complex  formation  by  SbF5  completely 
destroyed  Its  catalytic  effect  on  the  decomposition  of  CIO3F. 

There  is  no  doubt  therefore  that  the  strong  Lewis  acid  caused  an 
activation  or  polarisation  of  the  CIO3F  molecule  in  the  previous 
experiment. 

Similar  reactions  with  weaker  Lewis  acids  than  SbFs  were 
carried  out  in  attempts  to  isolate  either  a  complex  of  CIO3F  or  to 
effect  a  more  controlled  fluorination  without  decomposition.  CIO3F 
did  not  react  with  either  SF0  or  BF3  at  temperatures  up  to  330°. 
CIO3F,  however,  did  oxidize  SF4  at  375°  to  produce  a  very  small 
amount  of  SF5.  When  C103r,  CIF3,  and  574  wer<'  reacted  together 
at  310°,  oxidation  of  the  SF4  occurred  and  a  varieiv  of  products 
were  obtained  including  SF0,  SOF4,  SO2F2,  CI2'  ^Z'  ^^^2’ 

In  efforts  to  force  a  fluorination  of  CIO3F  with  the  reactive 
CIF2'*’  ion,  equimolar  ternary'  mixtures  of  ClO3r/Cn'3/Sr0  and 
CIO3F/CIF3/BF3  were  each  heated  to  310°  in  a  monel  autoclave. 

On  cooling  the  reactants  were  essentially  recovered  unchanged 
''xcept  that  in  the  latter  system  the  CIF3  had  reacted  with  BF3  to 
form  the  stable  CIF2BF4.  The  reaction  reported  in  tho  paragraphs 
above  involving  a  mixture  of  CIO3F,  CIF3,  and  SbF5  is  also 
representative  of  this  line  of  attack. 

CIO3F  was  reacted  with  a  mixture  of  CIF5  and  SbF5  in  an 
experiment  to  observe  the  effects  of  the  CIF^'*’  ion. 
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CIF5  +  SbFs 


ClF4'^SbF6' 


Mardmum  conditions  were  37S"  and  a  pressure  of  2000  psig.  The 
major  products  found  were  ClF2SbFg,  CIO3F,  and  F2  Indicating 
the  following  reactions: 


ClF4+SbF6 


CIF5  +  SbFs 


ClFr 


F2  +  CIF3 


CIF-  +  SbFc 
o  a 


ClFzSbFg 


Since  ClFo'*'  did  not  cause  a  fluorination  of  CIO3F,  it  did  not 
appear  likely  that  the  complementary  base  CIF^"  wouW  have  any  effect 
on  ClO-jF.  However,  this  was  investigated  using  CsC]F4  prepare 
from  a  pressure  reaction  of  CIF3  with  CsF.  Solid  CSCIF4  did  not 
react  with  gaseous  CIO3F  at  temperatures  up  to  300'  and  pressures 
up  to  450  psig.  The  CIO3F  was  recovered  quantitatively;  hov.-p'^c., 
some  slight  decomposition  of  the  CSCIF4  occurred  resulting  in 
attack  of  the  stainless  steel  reaction  vessel  and  formation  of  re 
CS2NiFg(Ref.  18.  19). 

A  further  attempt  to  fluorinate  the  CIO3F  molecule  was  made 
using  an  electric  discharge.  The  apparatus  employed  is  shown  in 
Fig  1.  The  unit  is  a  stainless  steel  cylinder  with  1/2  i.d,  and 
a  total  volume  of  about  30-35  ml.  The  platinum  electrode  (18  ga'ige) 
passes  through  a  Kel-F  gland  and  insulator  and  forms  a  gap  of  1/4  . 

A  side  arm  to  the  cylinder  permits  charging  and  removal  of  gaseous 
products.  The  gland  and  nut  design  allows  complete  removal  of 
solid  products  and  inspection  of  the  cell  interior.  All  experiments 
were  of  24  hours  duration  and  utilized  an  external  resistance  of 
37  4  m.egohms  (unless  otherwise  noted)  to  stabilize  the  discharge 
and  to  permit  long  term  operation  without  overloading  the  circuit 
(30  kv.  and  2000  microamp.s).  The  CIO3F  and  F2  were  measured  out 
on  the  basis  of  pressure  such  that  the  total  pressure  was  about  o^ 
atmosphere  and  the  ratio  of  CIO3F  to  F2  ranged  from  1:1  2:1  With 

an  applied  voltage  of  27-28  kv.,  the  current  output  was  55-90  micro 

_  The  only  products  found  were  fluorocarbons  resulting  from 
attack  of  the  F2  on  the  Kel-F  insulator. 

D.  Investigations  of  the  Preparation  of  Derivatives  of  Chloryl  Fluori^ 

The  following  studies  were  carried  out  in  attempts  to  prepare 
ionic  derivatives  of  CIO2F  or  compounds  containing  a  higher  percentage 
of  fluorine  than  CIO2F  itself. 
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In  our  attempts  to  fiuorlnate  C102F  we  have  used  elemental 
fluorine,  chlorine  pentafluoride,  chlorine  trifluoride,  cesium  tetra- 
fluorochlorate  and  cesium  fluoride  as  reagents.  This  work  and  its 
results  are  described  below. 


The  reaction  of  CIO2F  with  an  excess  of  F2  at  temperatures  up 
to  290°  resulted  in  partial  conversions  (average,  about  50%)  of 
CIO2F  to  CIO3F  and  CIF5.  The  overall  reaction  is  considered  *0 
be  the  sum  of  several  Independent  reactions . 

a.  3CIO2F  J-  2 CIO3F  +  GIF 

b.  GIF  +  F2  - ^  CIF3 

c.  CIF3  +  F2 - ^  CIF5 

Neither  GIF  nor  GIF3  was  observed  in  the  product  gases  and 
CI2  and  O2  were  also  found  to  be  absent. 

Mixtures  of  GIO2F  and  CIF5  when  heated  to  230° ”430  at 
pressures  up  to  900  psig  resulted  in  the  formation  of  GIF,  F2,  and 
©2.  The  bulk  of  the  GIO2F  was  recovered  unchanged.  The  primary- 
reaction  appeared  to  thermal  decomposition  of  CIF5.  It  has  been 
determined  that  pure  CIF5  begins  to  thermally  dissociate  at  350°- 
375°  under  the  experimental  conditions  used,  yielding  CIF3  and  F2. 


350-375” 

ClFr  - ? 

^  1000  psig 


GiF3  +  F2 


At  higher  temperatures  (  >425°),  dissociation  is  virtually 
complete  to  GIF  and  F2. 

^  425° 

CIF5  - ^  GIF  +  2F2 


From  the  results  of  the  experiments  with  G102F-C1F5  mixtures 
it  appears  that  CIO2F  induces  decomposition  of  CIF5  to  GIF  and  F2 
at  a  temperature  lower  than  that  required  for  the  pure  material. 

A  compleue  decomposition  of  the  reactants  and  a  heavy  attack 
on  the  reactor  waits  occurred  when  equimolar  amounts  of  CIO2F  and 
CiF3  were  reacted  at  375°.  The  volatile  products  were  mainly  GIF, 
CI2-  and  O2  and  the  solid  residue  was  a  mixture  of  metal  fluorides 
end  chlorides. 


-  15  - 


CONFIDENTIAL 


CONFIDENTIAL 

When  solid  CSCIF4  was  reacted  with  gaseous  CIO^F  at  tem¬ 
peratures  up  to  300’ C  in  stainless  steel  cylinders,  the  products 
were  03:ygen,  CsF,  NiF2 .  Cs2NiFg  (Ref.  IB  and  19),  Cl2>  and  CIF, 
Considerable  amounts  of  reactants  were  recovered  unchanged. 

In  an  experiment  to  attempt  either  a  fluorination  of  0102^  ot 
the  formation  of  the  hypothetical  salt  CSCIO2F2’  ®  mixture  of  CsF 
and  CIO2F  (3:2  mole  ratio)  were  combined  in  a  monel  cylinder  and 
heated  to  150°  for  28  hours.  On  cooling,  the  CsF  and  CIO2F  were 
recovered  unchanged.  Another  charge  of  the  CsF  and  CIO2F  mixture 
was  heated  to  300*  for  17  hours.  On  cooling,  the  gas  phase  con¬ 
tained  only  trace  quantities  of  the  infrared  absorbers  CF4  and  SFg 
and  the  balance  of  the  gas  phase  was  the  infrared  inactive  CI2,  O2, 
and  F2.  The  recovered  yellow  solid  was  subjected  to  X-ray  diffrac¬ 
tion  analysis,  and  it  has  been  found  to  have  a  pattern  similar  to 
CsCl  and  isomorphous  with  Cs-NiFg. 

In  subsequent  experiments,  a  number  of  solid  ionic  materials  • 
postulated  to  contain  the  C102''’  ion  were  prepared  by  reacting 
CIO2F  with  strong  Lewis  acids  e.g.  CIO2SO3F,  C102SbFg, 
CIO2ASF6,  Ci02BF4,  and  CIO2PF0  (Ref.  20  and  21)  since  com¬ 
plexes  of  this  type  offer  promise  as  stable  oxidizers  providing 
suitable  anions  can  be  combined  with  the  C102'‘'  moiety.  To  date 
such  an  anion  does  not  exist  which  forms  a  stable  salt  in  conjunc¬ 
tion  with  the  CIO2'*'  ion. 

The  alleged  preparation  of  C102F2~  anions  by  reaction  of 
chlorates  with  acid  fluoride  in  aqueous  solution  has  been  shown  to 
be  in  error  (see  prior  discussion).  However,  it  is  expected  that 
such  an  ion  would  be  a  strong  oxidizer  and  the  preparation  would 
have  to  be  carried  out  under  anhydrous  conditions,  possibly  using 
materials  like  CIO2F  as  intermediates.  Theoretically,  the  ion  is 
plausible  a'  i  would  involve  an  sp^d  bond  hybridization  which  could 
be  described  as  a  trigonal  bipyramidal  configuration,  with  the  two 
oxygen  atoms  and  the  unshared  electron  pair  in  the  equatorial  posi¬ 
tion  and  the  two  fluorine  atoms  at  the  apices. 
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This  structure  has  been  postulated  for  the  IO2F2” 
page  181)  based  on  X-ray  data  for  the  crystal  KIO2F2  (Ref.  22). 

As  indicated  above  unsuccessful  attempts  to  prepare  C102F2-i 
were  made  using  CsF  and  CIO2F  as  reactants,  and  subsequent  work 
was  carried  out  using  NO2F  and  CIO2F. 

An  adduct  of  NO2F  with  CIO2F  was  prepared  by  combining  the 
gases  and  storing  the  mixture  (condensed  liquids)  at  -78°  for  4  days. 


On  warming  the  solid  to  O' 

’C  the  following  vapor  pressures  were 

noted  and  plotted  on  the  graph  (Fig.  2).  The  apparatus  was  not 
designed  for  determining  the  melting  point  of  the  solid  but  it  appears 

to  be  in  the  range  -30°  to 

-20  °C. 

Temo.  °C 

Pressure 

1 

00 

0 

15  mm 

-71° 

25 

-68° 

35 

-60° 

65 

-56° 

80 

-45° 

130 

-43° 

145 

-40° 

170 

-35° 

245 

-25° 

375 

-15° 

550 

-10° 

620 

-5° 

680 

0° 

740 

The  plot  of  the  above  data  shows  a  discontinuity  at  T=  -22 °C 
which  may  be  attributed  to  a  phase  change  and  is  in  support  of  the 
observed  melting  point  range.  More  exact  pressure  data  may 
locate  the  phase  transition  with  better  accuracy. 

The  N02F-C102F  solid  adduct  was  treated  with  Cir3  to 
determine  the  relative  stability  of  the  adduct  and  N02C1F^  (Ref. 
23).  CIF3  was  condensed  on  the  pale  yellow  solid  at  -78°.  On 
wanning  to  about  -30  ° ,  the  adduct  appeared  to  melt  and  formed  an 
oily  layer  above  the  CIF3.  It  was  found  that  all  three  components 
could  be  distilled  from  the  two  phase  system.  It  would  appear  that 
NO2F-CIO2F  is  Insoluble  in  CIF3. 
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In  a  second  related  experiment  N02F'C102F  and  an  equimolar 
amount  of  ClFs  were  heated  to  300  “C  for  10  hours  in  a  large  excess 
of  fluorine  (10  x).  The  resulting  products  were  primarily  CIF5  and 
some  CIO3F,  CIO2F,  O2  andN2. 

E.  Investigations  of  the  Preparation  of  Derivatives  of  Chlorine 
Trifluoride 

1 .  A  number  of  exploratory  reactions  were  carried  out  to 
determine  whether  the  fluorination  of  CIF3  or  a  physical  activation 
of  the  CIF3  molecule  could  be  used  —  a.  to  prepare  higher  fluorinated 
homologs;  b.  to  effect  polymolecular  condensations;  c.  to  prepare 
■new  ionic  Cl-F  compounds.  Although  qualitative  considerations  of 
possible  valence  bond  orbital  hybridizations,  effective  atom  radii, 
and  orbital  energies  tend  to  rule  out  homologs  higher  than  CIF5, 
serious  effort  was  given  to  this  work.  The  experiments  are  described 
below. 

Chlorine  trifluoride  was  heated  at  4  70°  in  an  attempt  to  pyrolyze 
the  material  and  to  condense  it  to  higher  homologs;  however,  this  did 
not  occur  and  the  CIF3  was  essentially  recovered  unchanged. 

Continuous  discharges  of  27,000  volts  were  placed  through  pure 
CIF3  held  at  6-8  psig  in  the  apparatus  illustrated  in  Fig.  2  for  periods 
up  to  24  hours.  The  only  products  observed  were  various  volatile 
fluorocarbons  resulting  fr  n  attack  of  the  Kel— F  insulator  by  the  CIF3, 

In  a  similar  experiment  continuous  electric  discharges  (25,000- 
30,000  volts  through  mixtures  of  CIF3  and  F2  did  not  appear  to  cause 
any  reaction  at  ambient  temperature  and  the  reaction  times  and 
reactant  ratios  were  varied  with  no  effect.  As  expected,  the  potential 
drop  and  current  flov/  are  dependent  on  the  pressure  which  was  varied 
in  the  experiments  up  to  a  maximum  of  50  psig.  Temperature  appeared 
to  be  the  most  important  variable.  At  0°  some  Cir5  was  formed  although 
the  yield  was  less  than  1%;  however,  on  decreasing  the  temperature  to 
-78°,  the  amount  of  CIF5  is  increased  five-fold  to  about  5%. 

Apparently  the  chilled  cell  is  more  efficient  since  the  formation 
of  CIF5  occurs  in  the  liquid  phase  or  at  the  gas -liquid  interface  by 
reaction  of  fluorine  atoms  with  CIF3.  Since  the  CIF5  is  in  the  liquid 
phase,  it  is  essentially  removed  from  the  discharge  zone  in  the 
gaseous  phase  and  the  probability  of  dissociation  is  minimized. 

It  is  suggested  that  the  mechanism  may  involve  the  following  reactions: 
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f^  +  e  - ^  F"  +  F 

p-  +  CIF3 - ^  CIF4" 

CIF4"  +  F  - ^  CIF5  +  e 

CIF3  at  a  pressure  of  400  mm.  Hg  was  unaffected  by  a  two 
hour  exposure  to  a  Co^O  gamma  irradiation  (240,000  roentgens/hour). 

Chlorine  trifluoride  was  reacted  with  CsF  at  80  °C  and  150  psig 
for  24  hours  to  form  CSCIF4.  The  reactor  was  cooled  and  varying 
amounts  of  oxygen  were  introduced  to  the  reactor.  The  gas-solid 
mixture  was  heated  up  to  300°  developing  pressures  of  up  to  3150 
psig.  The  only  products  observed  were  CIF  and  F2  resulting  from 
decomposition  of  theCsClF4. 

2 .  A  more  intense  investigation  wa  -  carried  out  to  prepare 
oxygenated  derivatives  of  CIF3.  Theoretically  it  should  be  possible 
to  prepare  O^ClFa  and  O2CIF3  (considered  to  be  distinct  from  the 
isomeric  unstable  adduct  reported  by  Streng  and  Grosse  (Ref.  24) 
which  vjas  prepared  by  a  low  temperature  reaction  of  O2F2  with  CIF) . 
In  fact,  the  former  compound  has  been  prepared  in  this  laboratory 
by  the  fluorination  of  CI2O  and  also  by-ihe  reaction  of  CI2O  with 
0F2.  Rocketdyne  had  earlier  reported  the  synthesis  of  OCIF3  by 
the  fluorination  of  CI2O  and  C1NO3  (Ref.  25).  This  work  will  be 
discussed  later  in  the  section  on  "Chlorine  Oxides";  it  should  be 
noted  that  all  pertinent  physical  data  have  not  been  determined  as 
of  this  date;  however,  it  is  expected  that  OCIF3  will  be  a  relatively 
stable  liquid  (extrapolated  boiling  point,  about  30 °C).  Its  structure 
will  probably  involve  a  p^s  hybridization  and  be  tetrahedral;  however, 
since  the  hybridization  will  include  the  3  p  and  4  s  orbitals  (the  latter 
has  lower  energy  than  the  3  d  orbital)  the  configuration  may  be  that 
of  a  distorted  tetrahedron  with  the  oxygen  atom  located  at  stretched 

apex. 
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Chlorine  trifluoride  was  combined  with  CsF  to  form  CSCIF4 
and  this  solid  material  was  treated  with  oxygen  at  280-310“  at 
pressures  up  to  4300  psig  in  a  monel  reactor.  The  only  reaction 
noted  was  dissociation  of  CSCIF4  to  CsF  and  CIF3  and  subsequently 
the  CIF3  decomposed  to  CIF  and  F2. 

Other  reactions  which  can  be  considered  as  attempts  to  oxidize 
CIF3  with  CIO3F  and  CIO2F  have  been  described  in  previous  sections 
which  discuss  the  fluorination  of  the  latter  two  compounds. 

3.  During  the  course  of  the  work  studies  were  made  of  the 
known  complexes  formed  by  CIF3  for  background  information  to 
similar  work  carried  out  with  CIF5  and  systems  investigated  in  the 
electrochemical  work  (see  later  discussion).  Most  of  the  complexes 
of  CIF3  are  ionic  and  contain  either  the  CIF2'’’  or  the  CIF4”  ions. 

ClF2SbF0  was  prepared  by  combining  CIF3  with  SbFs  (Ref.  26). 
The  reaction  is  exothermic  as  evidenced  by  the  warming  of  the  Kel-F 
trap  at  the  interface  of  the  two  reactants  and  the  necessary  diffusion 
of  liquid  CIF3  through  the  solid  ClF2SbFg  to  contact  fresh  SbFj  is  a 
convenient  rate  governing  phenomenon;  otherv;ise,  the  exothermic 
reaction  might  have  to  be  controlled  by  cooling.  The  density  of 
ClF2SbF0  Is  somewhat  between  that  of  SbFg  and  CiF3  and  was 
tentatively  taken  as  2.2  g/cc.  and  the  melting  point  was  determined 
as  225-228°C. 


In  contrast  to  the  reported  unsuccessful  attempt  to  prepare 
NO2CIF4  (Ref.  27)  in  the  open  literature,  this  compound  was  easily 
prepared  by  reacting  NO2F  with  CIF3. 


It  IS  important  to  note  that  in  contrast  to  NOCIF4  which  is 
formed  on  contact  of  NOF  with  ClFg,  the  formation  of  NO2CIF4  is 
a  slow  reaction  at  -78”.  Following  preparation  of  NO2CIF4  the 
vapor  pressures  were  redetermined. 


T  i”  a 


Vapor  Pressure  of  NO2CIF4 
_ Observed  (mm.) _ 


Calc'd.  (mm.) 


-50 

30,  35 

33 

-40 

65 

63 

-30 

110 

111 

-20 

180 

188 

-10 

300 

319 

0 

490 

491 

9.5 

760 

755 

15 

930.  940 

920 

20 

1120 

1122 

25 

1350,  1360 

1369 
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A  least  mean  square  treatment  of  the  above  experimental  data 
gave  the  following  equation  which  was  used  to  determine  the 
calculated  values  above. 

(1)  loo  p  (mml  =  7 . 945  -  1436 

T 

From  these  data  one  may  calculate  the  temperature  variation  of 
the  equilibrium  constant  of  the  dissociation  reaction  of  the  following 
reaction: 

(2)  NO2CIF4  (s)  - 3-  NO2F  (g)  +  CIF3  (g) 

KP  =  Pjjo2FPC1F3  =  (l/2P^otg|)2  =  1 A  P^total 

(P  is  expressed  in  atm.) 

From  the  data  the  following  values  for  the  equilibrium  constant 
were  determined: 


Temperature  Variation  of  the  Eciulllbrlum 
Constant  for  NOoClf-j 


H 

0 

0 

Ko  (atm.) 

loq  Kp 

-50 

5.302  X  10"'^ 

-3.314 

-40 

1.828  X  10-3 

-2.746 

-30 

5.237  X  10-3 

-2.264 

-20 

1.402  X  10“^ 

-1.809 

-10 

3.895  X  10  ^ 

-1.355 

0 

0.1039 

-  .9855 

9.5 

0.2500 

-  .6163 

+  15 

0.3824 

-  .4459 

+20 

0.5429 

-  .2755 

+25 

0,8006 

.  -  .1051 

These  data  may  be  expressed  by  the  following  equation: 

(3)  log  Kp  =  9. 409  -2840 
T 

Assuming  that  Ah  is  invariant  with  temperature  and  is 
represented  by  the  slope  of  equation  (3) ,  one  may  obtain  an 
approximation  of  the  heat  of  dissociation  of  NO2CIF4. 
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-Ah  =  -2840 
2.303R 

Ah  dissociation^  13  kcal/mole 

The  reaction  of  Na202  with  CSCIF4  was  carried  out  in  an 
attempt  to  introduce  oxygen  into  either  the  tetrafluorochlorate  anion 
or  the  CIF3  molecule,  e.g. 

CSCIF4  +  Na202 - 5^CsC102F2  +  2NaF 

2CSCIF4  +  3Na202 - ^  2CSCIO3F  +  6NaF 

3CSCIF4  +  Na202 - 3-  3CsF  +  2NaF  +  GIF  +  2OCIF3 

From  -78'’C  up  to  300 °C  only  a  trace  of  reaction  was  noted  with 
CIO2F,  GIF  and  O2  being  the  only  products.  When  a  separate 
mixture  was  programmed  for  a  heating  period  at  400 "Cr  an  exo¬ 
thermic  reaction  seemed  to  be  initiated  within  30-35  minutes  of 
the  start  of  heating  or  when  the  temperature  reached  about  315°G. 

The  reaction  then  appeared  to  be  sustained  and  exothermic.  Within 
the  hour  the  reaction  appeared  to  be  finished  and  heating  an  additional 
6  hrs.  produced  no  changes.  The  reaction  products  were  chiefly  O2 
and  CI2  plus  a  solid  mixture  containing  CsF,  NaF,  GSGIF4,  and  a 
small  amount  of  Gs2NiFg. 

In  a  similar  approach,  the  reaction  of  Na202  with  ClF2SbFg 
was  carried  out  in  an  attempt  to  bring  about  the  following  reaction: 

Na202  +  ClF2SbF6 - ^GlOF  +  NaF  +  NaSbFg  +  1/2  O2 

or 

Na202  +  ClF2SbF0  - >  GIOF3  +  SbFj  +  2NaF  +  1/2  O2 

The  Na202-GlF2SbFg  system  was  less  reactive  than  the  Na202- 
ClF4SbF6  system  (see  Section  F).  No  appreciable  reaction  was 
noted  up  to  125 °C  and  the  conversion,  after  24  hours,  was  only 
2-4%  at  160°-170°C.  At  250"C,  a  sudden  reaction  occurred  after 
a  delay  of  about  30  min.  at  250 "G  and  a  temperature  rise  of  30 °G 
at  the  wall  of  the  autoclave  was  noted  in  less  than  one  minute. 

On  cooling,  the  products  were  found  to  be  CIF3,  GIF,  GIO2F  and 
O2  and  the  solid  product  was  NaSbFg.  At  2S0'C,  the  reaction 
was  90-95%  complete  (estimate  based  on  recoveries).  No  new  or 
unknown  compounds  were  detected. 
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F.  Investigations  of  the  Preparation  of  Darivatlves  of  Chlorine 
Pentafluoride 


The  approach  to  the  preparation  of  derivatives  of  CIF5  was 
similar  to  that  used  for  CIF3  and  broadly,  can  be  grouped  under 
three  headings:  (1)  attempts  to  form  ether  Cl-F  compounds,  (2) 
attempts  to  prepare  Cl-O-F  compounds  and  (3)  attempts  to 
incorporate  the  CIF5  molecule  in  an  adduct  or  salt  useful  as  a 
solid  oxidizer. 

Two  preparative  methods  for  CIF5  were  used  and  their  relative 
merits  were  compared.  The  first  method  involved  the  following 
separate  reactions: 

80° 

CsF  +  GIF,  - ^  CSCIF4 

■^150  pslg 

150° 

'■2  1300 

The  above  sequence  usually  required  three  days  per  batch  of 
CIF5  (10-15  grams)  with  conversions  of  60-85%.  Yields  based  on 
the  CSCIF4  converted  were  nearly  100%. 

The  second  method  was  a  direct  fluorination  of  CIF3: 

300° 

^2  2500  psig' 

In  contrast  to  the  first  procedure,  the  direct  fluorination  is 
the  better  method  for  laboratory  preparation  since  it  only  requires 
one  day  per  batch  and  conversions  of  CIF3  are  above  90%.  Yields 
of  over  100  grams  of  CIF5  are  usually  obtained  in  a  single  run  using 
a  conventional  laboratory  scale  autoclave. 

It  was  found  that  the  latter  preparative  method  was  sensitive 
to  the  composition  of  the  reactor  metal  with  the  best  yields  obtained 
in  nickel.  Under  conditions  producing  near  quantitative  yields  in 
nickel  reactors,  experiments  carried  out  in  stainless  steel  or  monel 
reactors  gave  either  much  less  CIF5  or  no  CIF5  at  all. 

As  in  the  case  of  CIF3,  attempts  to  prepare  novel  Cl-F 
compounds  using  CIF5  as  an  intermediate  have  involved  pyrolysis, 
fluorination  and  electric  discharge  techniques. 
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PyroJyses  of  CIF5  were  attempted  at  375"  and  4  30“  to 
determine  whether  CIF5  could  be  condensed  to  higher  homologs 
or  to  solid  material.  At  375“  In  a  nickel  reactor  (maitimum 
pressure.  500  psig),  CIF5  decomposed  only  slightly  (<  10%)  to 
CIF3  and  F2.  At  430“  in  a  monel  reactor,  CIF5  was  quantitatively 
decomposed  to  CIF3,  CIF,  and  F2.  Note  again  the  apparent 
effect  of  the  reactor  metal. 

An  attempt  to  upgrade  GIF5  with  elemental  fluorine  was 
unsuccessful.  A  4;  1  mixture  of  F2  and  CIF5  was  heated  to  375“ 
for  16  hours  with  a  maximum  pressure  of  2800  psig.  The  only 
observed  reaction  was  a  decomposition  of  CIF5  to  CIF3.  This 
was  unexpected  in  view  of  the  large  excess  of  fluorine  present 
in  the  reactor. 

CIF5  did  not  form  an  adduct  with,  or  react  with,  CsF  in  a 
liquid-solid  phase  reaction  at  -78“  for  8  days.  The  same  reactants 
were  transferred  to  an  autoclave  and  the  system  was  heated  to  150“ . 
This  was  followed  by  a  reaction  with  a  second  mixture  at  300° . 
Material  balances  were  obtained  in  both  cases  as  shown  below. 


Reaction  Temperature 


ISO® 

300® 

CsF  charged  (moles) 

0.10 

0.10 

CIF5  charged 

CIF5  recovered 

CIF5  consumed 

0.12 

0.054 

.068 

0.12 

0.047 

.073 

F2  recovered 

.071 

.097* 

(*  probably  a  small  quantity  of  air  in  recovered  sample) 


X-ray  diffraction  analysis  indicates  that  the  solid  products  are 
mixtures  of  CSCIF4  and  CsF.  The  overall  reaction  can  be 
summarized  by  the  following  equations: 

a.  CIF5 - ^C1F3  +  F2 

b.  CIF3  +  CsF - 3-CSCIF4 

In  other  experiments  pure  CiF5  and  mixtures  of  CiFs  with 
CIF3  were  subjected  to  electric  discharges  of  19,000  to  30,000 
volts  at  pressures  of  532  mm.  Hg  to  20  psig  in  attempts  to  upgrade 
the  fluorine  content  of  the  CIF5  or  to  form  new  chlorine  fluorides. 
No  new  products  were  obsert'ed. 
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As  is  pointed  out  in  the  Introduction  to  this  report,  the 
structure  of  CIF5  is  considered  to  be  similar  to  that  of  BrFs  —  i.e. 
octahedral  with  the  unshared  electron  pair  occupying  one  comer. 


F 


Under  the  proper  conditions,  it  might  be  expected  that  the 
electron  pair  could  form  a  dative  bond  with  certain  electron 
deficient  atoms  or  molecules  as  O,  NO,  NOF,  etc.  Typical  of 
these  would  be  CIF5O  and  this  compound  might  still  retain  the 
octahedral  configuration  of  the  original  CIF5. 

In  addition ,  the  pyrolytic  degradation  of  CIF5  or  degradation 
of  CIF5  by  physical  means  may  produce  intermediates  more  reactive 
toward  oxygen-containing  reagents  than  either  CIF5  or  CIF3. 

The  following  experiments  were  carried  out  to  form  novel 
Cl-O-F  oxidizers. 

Chlorine  pentafluoride  and  O2  were  reacted  together,  in 
two-separate  experiments,  at  STS”  and  430°.  A  7:1  mixture  of  O2 
and  CIF5  is  stable  indefinitely  at  25°;  however,  when  the  mixture 
was  heated  to  430°  for  16  hours  (maximum  pressure,  2600  psig) 
the  CIF5  decomposed  completely  to  CIF3  and  F2.  At  375°,  the 
decomposition  of  CIF5  was  only  slight  under  the  same  conditions. 

It  appears  that  -oxygen  has  no  effect  on  the  thermal  stability  of 

r-ir- 

Gaseous  ozone,  generated  by  a  Welsbach  unit,  was  passed 
through  CIF5  maintained  at  -95°  to  -97°C.  There  was  no  visible 
reaction  and  no  new  products  were  formed.  When  ozone  was 
passed  through  a  solution  of  CIF5  in  CCI2F2  at  -80°  the  products 
were  CIO3F,  CIO2F,  and  CIF3. 

Equimolar  mixtures  of  gaseous  CIO2F  and  CIF5  were  heated 
to  260 °C  and  little  or  no  reaction  occurred.  However,  at  420° 
only  residual  traces  of  CIO2F  and  CIF5  could  be  detected.  There 
were  no  solid  products  and  the  bulk  of  the  gaseous  products  were 
non -absorbing  in  the  infrared  region  of  2-15  microns  indicating 
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decomposition  of  the  reactants  to  the  elements.  This  reaction 
was  discussed  in  detail  in  the  section  concerned  with  the 
chemistry  of  CIO2F.  Ecjuimolar  amounts  of  C.F5  and  CIO3F 
did  not  react  at  SOO’C:  therefore,  the  temperature  was  increased 
to  400 'C.  It  was  expected  thatClFs  would  decompose;  however, 
it  was  hoped  that  the  CIO3F  might  react  with  any  transient 
intermediates  or  radicals  associated  with  the  CIF5  decomposition. 
This  was  not  the  case  and  the  only  products  observed  were  CIF, 
CIF3,  CIO3F  and  F2"  There  was  no  indication  of  the  formation 
of  the  hypothetical  ClOgClFg  or  the  simpler  derivative  CIF5O. 

A  similar  experiment  using  F2  as  a  pressurizing  gas  (310  C; 
2600  pslg)  was  also  unsuccessful  and  the  CIO3F  and  CIF5  were 
recovered  unreacted. 

A  20%  mole  excess  of  NO2F  was  reacted  with  CIF5  at  -78  C 

for  several  days.  The  excess  NO2F  was  easily  removed  under 

vacuum  (vapor  pressure  of  NO2F,  560  mm  at  -78°;  CIF5,  23.6  mm) 
The  residual  m.aterial  at  .-78°  was  a  relatively  non-volatile  yellow 
liquid  with  a  vapor  pressure  of  about  5  mm  Hg,  containing  4. 1  g. 
(0.063  moles)  of  NO2F  and  8.7  g.  (0.067  moles)  of  CIF5.  The 
mole  ratio  CIF5/NO2F  is  1.06  indicating  an  equimolar  complex. 

NO2F  +  CIF5  - N02F-C1F5 

On  warming  the  complex  to  -35°  (v.p.  310  mm)  both  N02F^ 
and  CIF5  can  be  identified  in  the  vapor  phase  by  infrared  analysis 

It  is  interesting  to  note  that  the  liquid  material  cannot  be  a 
simple  solution  since  the  vapor  pressure  (5  mm  Hg)  at  -78°  is 
considerably  less  than  that  predicted  by  Raoult's  Law 

PT=Ixi?i=.S  xPciFg  +  ■^Pn02F" 

.5  x  23.6  +  .5  X  560  =  291.8  mm 

The  observed  vapor  pressure  of  the  adduct  is  given  below 
and  is  presented  graphically  in  Fig.  4. 
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Vannr  Pressure  of  the  NO^F’ClFc  System. 

Temp  (”0 

Pressure  (mm  Ha) 

-105 

5 

-100 

10 

-95 

15 

-90 

25 

-85 

35 

-78 

55 

-70 

90 

-65 

130,135 

-60 

155 

-55 

230 

-50 

275 

-45 

365 

-42 

385 

-40 

420 

-35 

560,570 

-30 

685 

-28 

760 

-25 

840,850 

-20 

1045 

-15 

1210 

-10 

1510 

In  contrast  to  the  solid  adduct  formed  by  NO2F  and  CIF3, 
the  NO2F-CIF5  system  produces  a  liquid  which  likely  is  a  molecular 
adduct  rather  than  a  polar  complex. 

Quantities  of  ClF2SbF5  and  ClF^SbFe  were  synthesized  by 
reactions  of  SbF5  with  CIF3  and  CIF5.  Neither  solid  had  an 
appreciable  vapor  pressure  (i.e,  greater  than  5  mm)  at  25°. 

Although  reactions  have  been  carried  out  using  excesses  of  both 
SbFs  and  CIF5,  we  have  found  only  a  single  well-defined  combining 
ratio  of  1  mole  CIF5  to  1  mole  SbFs.  This  is  in  contrast  to  data 
obtained  by  other  investigators  (Ref,  28)  who  report  ratios  of  2.5- 
1.5  SbFj  to  1.  CIF5.  This  is  probably  associated  with  the  difficulties 
of  assuring  complete  reaction  and  removing  unreacted  starting 
materials.  Reaction  at  -14'  (b.p.  of  CIF5)  is  complicated  by  the 
fact  that  SbFs  (m.p.  7'C)  is  frozen  and  the  CIF5  must  diffuse  through 
the  ClF4SbF5  formed  before  it  can  contact  and  react  with  the  solid 
SbFs.  At  ambient  temperature  the  liquid  SbFg  wets  the  product  and 
reaction  between  gaseous  ClFs  and  liquid  SbFs  proceeds  rapidly. 

Due  to  the  low  vapor  pressure  of  SbFs  (b.p.  143-145')  it  is  preferred 
to  use  a  large  excess  of  ClFs- 
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Log  pressure  (mm.  Hg) 
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The  melting  points  were  determined  as  34-35°  for  ClF4SbF5 
and  225-228°  for  CiF2SbFg.  In  charging  X-ray  sample  tubes  the 
ClF^SbFg  will  melt  due  to  the  warmth  of  the  technician's  hand. 
Loading  was  easily  carried  out  by  ohilling  the  sample  beforehand 
and  by  cooling  the  fingers  of  the  dry-box  gloves  prior  to  handling 

the  sample  tube. 


X-ray  diffraction  patterns  have  been  obtained  for  both 
ClF2SbF6  and  ClF4SbF5;  however,  the  resolution  is  not  of  high 
quality. 


Attempts  have  been  made  to  obtain  infrared  absorption  spectra 
of  these  materials  by  the  use  of  mulls  with  perfluorinated  solvents 
or  by  pelleting  the  samples  with  inorganic  diluents.  These  salts 
are  so  reactive  that  only  highly  fluorinated  solvents  are  compatible 
and  the  fluorinated  solvents  on  hand  are  either  so  volatile  that  a 
poor  mull  results  (through  evaporation  of  the  solvent  and  subsequen 
light  scattering  and  diffraction)  Oi  the  solvents  have  an  excessive 
infrared  absorption  of  their  own. 


Both  ClF2SbF6  and  ClF4SbF6  were  compatible  with  FC  -75 
(Minnesota  Mining  and  Manufacturing  Company  perfluorinated 
cyclic  ether),  fluorolube  oils,  and  Halocarbon  Oil  11-21.  i  h 
Kel-F  Oil  #10,  the  solids  turned  red  and  some  coloration  was 
imparted  to  the  oil.  'there  is  smoJce,  charring,  and  fire  when 
the  solids  are  contacted  with  CCI4,  1-113  (CFCI2CF2CI) ,  CHCI3, 
silicone  oils,  mineral  oils,  fluorobenzene ,  chlorobenzene,  toluene 
and  benzene. 


The  extreme  reactivity  of  these  salts  is  indicated  in  Fig.  5. 
The  botton  sections  of  an  electrochemical  cell  are  shown.  These 
are  fabricated  of  Kel-F  plastic  which  is  inert  to  CIF3,  CIF5,  and 
SbFs  at  25°.  However,  on  contact  with  either  ClF2SbF0  or 
ClF^SbFc  for  6-10  hours  at  25°  severe  stress  cracking  results. 

It  is  emphasized  that  these  cracks  are  not. due  to  thermal  strains 
and  have  been  observed  also  in  Kel-F  bottles  used  to  store  the 
solids.  It  is  believed  that  extreme  fluorination  of  the^plastic 
occurs  locally  due  to  the  reactivity  of  CIF2  and  CIF4  cations 
which  causes  surface  stresses  eventually  leading  to  cracks.  In 
general,  the  C1F4'*’  appears  to  be  more  reactive  than  CIF2  and 
will  produce  the  cracking  phenomena  in  about  half  the  time. 


It  was  observed  that,  when  CIF3  was  added  to  solid 
ClF,iSbFfi,  the  material  will  slowly  dissolve  and  sim.ultaneously 
evolve  CIF5.  It  is  believed  that  a  displacement  occurs  according 
to  the  following  equation: 
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Fig.  5 


Stress  Cracked  Ksl-F  Plastic.  Result  of 
Contact  with  ClFr'SbFg  Adduct.  (Cracks 
treated  -with  dye  for  contrast) . 
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CIF3  +  ClF^SbFg  ?'ClF2Sbrg  +  ClFj^ 

The  solid  ClF4SbF6  dissolved  in  SbFg  was  heated  to  375“  in 
a  stainless  steel  autoclave.  The  mixture  decomposed  completely 
and  severely  corroded  the  autoclave  to  produce  metal  fluorides  and 
chlorides,  A  residual  pressure  of  570  mm.  Hg.  was  due  to  the 
unexplained  presence  of  CF^,  C2F5,  and  SiF4. 

CIF5  was  reacted  separately  with  SF4,  SFg,  and  BF3  at  25“ 
and  pressures  up  to  40  psig.  There  was  no  indication  of  the  forma¬ 
tion  of  complexes.  The  systems  were  then  cooled  to  -78'  and  still 
no  evidence  for  complex  formation  was  obtained. 

CIF5  and  KCIO3  reacted  to  a  very  slight  extent  at  150  “C 
yielding  small  amounts  of  CIO3F  and  OF2  in  the  vapor  phase  and 
a  detectable  quantity  of  KF  in  the  solid.  However,  at  250“C, 
the  reaction  was  nearly  complete  since  only  traces  of  residual 
CIF5  could  be  detected.  The  major  components  of  the  gaseous 
products  were  CIO3F  and ’€102?  with  lesser  amounts  of  O2  and  OF2. 
The  X-ray  diffraction  pattern  of  the  residual  solid  was  identical  to 
that  reported  for  KCiF4  {Ref.  29). 


CIF5  and  KCIO4  reacted  sligh  iy  at  l50“  to  gi-’-e  traces  of  O2. 
CIO3F,  and  CIO2F  and  some  KF  in  the  solid.  At  250 °C  reaction 
was  substantially  greater  producing  CIO3F  and  O2  as  the  major 
volatile  products. along  with  a  lesser  amount  of  CIO2F  and  some 
residual  CIF5.  X-ray  powder  pattern  of  the  solid  showed  primarily 
KF  and  KHF2  with  additional  lines  which  coincide  with  the  major 
lines  listed  for  KCIF4  (see  ref.  above) . 

Similar  work  was  carried  out  using  CsClO^  as  a  reactant  and 
the  volatile  products  were  identical  to  those  obtained  using  KCIO4 . 
The  solids  were  CsF,  CsHF2/  at^d  some  CsCiF4. 

The  controlled  hydrolyses  of  CIF3  and  XeFg  yield,  respectively, 
CIO2F  and  XeOF4 .  Tlie  probable  reactions  may  be  as  follows: 

CIF3  +  HgO  - ^  [ClOF]  +  2HF 

2  [ClOF]  - ^  CIO2F  +  GIF 

and 

XeFg  +  H2O - 9'XeOF4  +  2HF 
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By  analogy,  CIF5  might  react  with  water  under  moderated 
conditions  to  yield  OCIF3. 

CIF5  +  H2O  - 3^  OCIF3  +  2HF 

Since  direct  hydrolysis  is  difficult  to  control ,  the  water 
was  used  In  the  form  of  a  hydrate  of  nickel  fluoride  and  the 
reaction  was  studied  in  both  static  and  flow  systems. 

static  system: 

A  mixture  of  NiF2-4H20  and  CIF5  was  reacted  overnight  with 
heating  (200°).  In  addition  to  the  unused  excess  CIF5,  the 
gaseous  products  obtained  were  primarily  CIO2F  and  CIO3F,  with 
some  HF.  The  concentration  of  CIO2F  was  slightly  higher  than 
that  of  CIO3F.  The  solid  phase  contained  NiF2  and  NiF2-xHF. 

The  overall  reaction  may  be  represented  by  two  competing  reactions: 

2CIF5  +  NiF2-4H20  - -^2C102F  +  SHF  +  NiF2 

4C1F5  +  3NiF2-4H20 - 4CIO3F  +  IfiHF  +  3Nir2  +  4H2 

flow  system: 

CIF5  was  passed  over  NiF2' 41120  in  a  monel  tube  in  two  exper¬ 
iments  at  ambient  temperature  and  at  190°  for  a  total  of  3.5  hours 
each.  The  only  products  observed  were  principally  CIO3F  and  some 
CIO2F.  The  solid  residue  contained  NiF2-  Nir2 -41120,  and  some 
lower  hydrates.  These  results  plus  those  above  indicate  that  a 
static  system  favors  the  formation  of  CIO2F  and  a  flow  system 
favors  CIO3F.  In  addition  higher  temperatures  in  tiie  flow  system 
yield  larger  quantities  of  Ci02F.  These  data  are  opposed  to  the 
expected  results  if  one  proposes  the  formation  of  CIO3F  by  the 
thermal  decoraposition  of  CIO2F. 


In  a  subsequent  brief  exploratory  reaction  carried  out  for 
background  information,  a  mixture  of  CIF5  and  Si02  was  heated 
slowly  to  250°  with  no  sign  of  reaction.  After  1  .3  hours  at  250  a 
a  sudden  exothermic  reaction  occurred,  and  the  pressure  went 
from  an  autogeneous  600  psig  to  an  unknown  peak  pressure  and 
returned  finally  to  1850  psig  within  minutes.  Considering  the 
mass  of  the  autoclave  the  heat  liberated  must  have  been  appreciable 
to  give  such  a  fast  response  to  the  temperature  rise.  The  thermo 
couple  was  located  in  the  autoclave  wall  and  is  normally  slow  to 
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respond  to  thermal  changes.  On  cooling  the  products  were 
found  to  be  SiF4/  CIF3,  02.  some  CIO2F,  and  a  trace  of 
unreacted  CIF5. 

The  synthesis  of  novel  Cl-O-F  compounds  was  attempted 
using  Na202  to  introduce  oxygen  into  the  halogen  fluorides  and 
their  derived  ions . 

Possible  reactions  might  be; 


Na202  + 

CIF5 - 

- ^  C102F3  +  2NaF 

Na202  t- 

2CIF5  — 

- >  2CIOF3  +  F2  +  2NaF 

Na202  + 

2CIF5  — 

- >C10F3  +  CIOF5  +  2NaF 

No  reaction  was  detected  at  25  °C  but  on  increasing  the  tem¬ 
perature  a  sudden  vigorous  exothermic  reaction  occurred  at  150° 
which  appeared  to  be  initially  a  thermal  decomposition  of  the 
Na202  followed  by  reaction  of  the  Na202  and  its  degradation 
products  with  CIF5  to  form  NaF  and  CIF3.  The  heat  was 
sufficiently  intense  to  decompose  most  of  the  CIF5  to  CIF3 
and  a  small  amount  of  CIF. 

The  reaction  of  Na202  with  ClF4SbF(^  was  studied  in  an 
attempt  to  introduce  oxygen  into  the  C1F4^  cation.  The  synthesis 
of  CIOF3  and/or  CIOF5  might  be  realized  from  a  reaction  of  this 
type  according  to  the  equation: 

Na202  +  ClF4SbFg - ^C10F3  +  NaF  +  NaSbFg  +  I/2O2 

a  2:1  molar  mixture  of  ClF4SbFg:Na202  was  subjected  to  slow 
stepwise  heating  from  -78°C  to  250°C.  The  above  proposed 
reaction  did  not  take  place;  however,  known  compounds  such  as 
CIO2F,  CIF5,  CIF3,  CIO3F  and  some  O2  were  obtained  as  the 
volatile  products.  The  solid  product  was  NaSbPg,  as  expected. 

The  reaction  was  slow  and  the  conversions,  after  24  hours,  were 
as  follows:  2-4%at75‘’C,  10-1 5%  at  125°C,  30%  at  160'"170°C 
and  30%  at  250  °C.  Additional  time  would  undoubtedly  have  brought 
the  reaction  to  completion. 

G.  Investigarlons  of  the  Fluorination  of  Chlorine  Oxides 

As  discussed  previously,  it  has  been  proposed  that  com¬ 
pounds  and  ions  such  as  OCIF3,  O2CIF3,  OCIF5,  O2CIF2  < 
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0C1F2^»  etc.,  may  be  sufficiently  stable  to  be  isolated  and 
Studied.  This  phase  of  the  work  was  an  attempt  to  prepare 
these  compounds  and  ions  by  the  fluorination  of  the  unstable, 
explosive,  odd-electron  molecule  CIO2  or  the  analogous,  more 
stable,  Cl20- 

CIO2,  diluted  with  nitrogen,  reacted  completely  with  CIF5 
at  a  maximum  temperature  of  110"  to  produce  CIO2F  and  CI2 
which  were  identified  by  infrared  and  mass  spectrometric  analysis. 
With  the  exception  of  the  excess  CIF5,  no  other  products  were 
detected.  The  reaction  might  be  represented  by  the  following 
overall  equation: 

IOCIO2  +  2CiF5  - ^  IOCIO2F  +  CI2 

The  results  indicate  that  ail  of  the  fluorine  in  CIF5  enters  into  the 
reaction  and  that  CIF3  and  GIF  (the  degradation  products  of  CIF5) 
would  probably  behave  in  an  analogous  way. 

No  reaction  occurred  between  NF3  and  CIO2  under  flow  condi¬ 
tions  at  ambient  pressure  and  temperature  up  to  I  lO'C  . 

OF2  is  a  strong  oxidizer  and  it  was  considered  probable  that 
it  might  serve  as  a  fluorinating  agent  toward  CIO2  under  flow 
conditions  at  moderate  temperatures  nO°C).  The  product 
mixture  contained  primarily  CIF5,  a  significant  amount  of  CIO2F 
and  a  lesser  amount  of  C103F,  It  is  suspected  that  O2  was  also 
formed;  however,  no  specific  attempt  was  made  to  trap  or  isolate 
it.  The  following  equations  probably  represent  only  a  few  of  the 
many  possible  reactions  which  occur; 

a.  40107  +  6OF2 - =»  2CIF5  +  5O2  +  2CIO2F 

b.  2CIO2F  +  O2 - 5.- 2CIO3F 

c.  2Ci02  F2  ^  2CIO2F 

d.  Ci02  +  OF, - -^ClOjF  +  1/2  F2 

e.  2CIO2  +  - ^  CIO2F  +  CIO3F 

The  results  would  indicate  that  equation  a,  represents  the  general 
overall  reactiou  and  that  equation  b.  occurs  to  a  significant  extent. 
No  new  or  unidentified  materials  were  detected. 

-  37  - 


CONFIDENTIAL 


CONFIDENTIAL 


The  reaction  of  C102  with  F2  is  the  preparative  method  for 
the  synthesis  of  CIO2F.  Since  I'J2F4  can  be  considered  as  a 
pseudohalogen,  readily  dissociating  to  NF2*radicals,  it  is 
reasonable  to  suppose  that  N2F4  might  react  with  the  odd-molecule 
C102'  to  form  CIO2  as  below. 

N2F4 - 2NF2- 

9 

NF2-  +  C102-  - ^ ^  O2CINF2 

The  reaction  was  smooth  and  the  only  products  isolated  were  NOF 
and  CI2  as  well  as  small  amounts  of  N2  or  F2-  There  was  no 
residual  CIO2  in  the  product  mixture  and  no  new  or  unknown 
materials  were  detected. 

The  study  of  the  fiuorination  of  C120  was  initiated  by  reacting 
It  with  F,  at  ambient  temperature  in  a  flow  system.  CI2O  was 
freshly  prepared  in  advance  by  passing  a  (1;1)  CI2/N2  mbtttite  at 
about  200  cc/min.  (total  flow)  through  a  24"  x  1"  monel  rnactor 
packed  with  31.0  g.  (0.T43  moles)  yellow  basic  HgC  on  glass  wool. 
The  CI2O  was  condensed  at  -TS'C  and  stored  at  this  temperature 
until  time  for  use.  The  red-brov/n  liquid  at  -78 "C  was  predominantly 
CI2O  containing  a  small  amount  of  unconverted  Cl2- 

The  crude  CI7O  was  wanned  from  -78°C  to  O'C  and  vaporized 
with  a  stream  of  N2  passed  at  a  rate  of  about  250  cc/min.  This 
CI2O/N2  mixture  was  combined  with  F2  (280-300  cc/min.)  at  ambient 
temperature  and  the  entire  mixture  was  then  passed  through  a 
4000  ml.  reactor  (estimated  residence  time:  7  min.  +  1  min.). 

The  condensable  products  were  caught  in  a  trap  cooled  with  liquid 
oxygen  (-183').  The  products  were  identified  as  C102F,  CIF3  and 
some  CIO3F. 


CI2O  and  a  large  excess  of  F2  vrere  charged  to  a  monel 
reactor  and  kept  at  155'C  for  7  hrs.  at  a  maximum  autogenous 
pressure  of  590  psig.  Aside  from  excess  F2,  the  product  mixture 
contained  CIO2F  and  CIF3  as  the  major  products,  CIO3F  and  CIF5 
as  minor  products  plus  a  novel  material  believed  to  be  CIF^O. 

The  CIF3O  is  still  slightly  in  doubt  because  of  the  interference 
in  its  infrared  absorption  spectra  by  CIO2F,  CIF3  and  the  other 
products  and  since  the  material  was  in  small  concentrations. 

The  identification  of  CIF3O  was  aided  by  the  fact  that  during 
the  time  this  work  was  in  progress  Rocketdyne  personnel  reported 
their  synthesis  of  this  same  compound  and  its  infrared  spectrum. 
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In  sub;  quent  experiments,  CI2O  and  a  large  excess  of  OF2 
were  passed  il. rough  a  copper  coil  reactor  at  15-20°C  for  several 
hours.  No  reaction  occurred.  In  a  variation  of  this  reaction  a 
1:3  molar  mixture  of  CI2O  and  OF2  were  heated  for  5  hours  at 
130°C  in  a  monel  reactor  and  no  reactor  occurred. 

This  same  1:3  molar  mixture  of  CI2O  and  OF2  was  then 
heated  at  ISS"  for  20  hours  (maximum  pressure,  1275  psig) . 

(Note  thermal  decomposition  of  OF2  is  appreciable  in  the  200°- 
220°C  range.)  After  8  hours  reaction  the  products  were  condensed 
and  pumped  at  -78°  to  remove  CIO3F,  CIF5,  CIF3,  and  Ci02F 
leaving  residual  pure  CIF3O. 

Further  work  on  the  preparation  and  properties  of  this  new 
oxidizer  was  not  possible  since  the  contract  expired. 

H.  Investigations  of  the  Chemistry  of  Oxygen  Difluoride 

A  number  of  reactions  were  carried  out  using  OF2  in  attempts 
to  introduce  either  oxygen  or  the  -OF  group  into  ClFjj  molecule 
and  other  molecules.  It  was  also  of  interest  to  investigate  the 
possibility  of  polarizing  the  O-F  bond  and  forming  complexes  of 
OF2.  A  few  proposed  reactions  include: 

OF2  +  CIF3 - ^  OCIF5  or  FOCiF4  (a  covalent  hypofluorite) 

OF2  +  CIO2F - »0F^C102F2" 

OF2  +  GIF - OCIF3 

etc. 


No  reaction  was  detected  between  OF2  and  CIF3  at  temperatures 
up  to  280°C  (macimum  pressure,  1350  psig);  however,  significant 
thermal  decomposition  of  OF2  did  occur  giving  O2  and  F2  •  The 
fluorine  formed  then  reacted  with  the  CIF3  to  produce  CIF5.  The 
principal  reactions  were: 

OF2 - ^  1/2  O2  +  F2 

F2  -i  CIF3 - ^ClFs 

No  reaction  occurred  between  OF2  and  ClFg  at  temperatures 
up  to  30t  °  (maximum  pressure,  2950  psig).  A  major  portion  of  the 
OF2  was  thermally  decomposed  to  O2  and  F2  and  the  CIF5  was 
recovered  quantitatively. 


-  39  - 

CONFIDENTIAL 


CONFIDENTIAL 


An  equimolar  mixture  of  OF2  and  CIO2F  did  not  react  at 
250°  (maximum  pressure,  825  psig).  As  previously  noted  at  these 
high  temperatures  some  thermal  decomposition  occurs.  The  CIO2F 
was  recovered  along  with  a  small  amount  of  CIO3F  which  is 
believed  to  be  a  product  of  the  reaction  of  oxygen  with  CIO2F 
since  CIF  and  its  fluorinated  hcmologs,  CiF3  and  CIF5,  were 
absent.  GIF  is  known  to  be  a  product  of  the  thermal  dissociation 
of  GIO2F. 

3GIO2F  2CIC3F  +  GIF 

The  overall  reaction  is  therefore  believed  to  be  a  sum  of  the 
following  reactions: 

OF2  - ^  1/2  O2  +  F2 

1/2  O2  +  GIO2F - ^  CiCaF 

Oxygen  difluoride,  and  perchloryl  fluoride  (CIC3F)  did  not 
react  after  20  hours  at  200°  (maximum  observed  pressure,  1110 
psig).  Both  compounds  were  recovered  unchanged. 

Oxygen  difluoride  and  nitrogen  trifiuorije  did  not  react  after 
7  hours  at  300°  (maximum observed  pressure,  1975  psig).  Some 
thermal  decomposition  of  the  OF2  was  noted. 

Oxygen  difluoride  and  antimony  pentafluoride  were  heated 
together  for  16  hours  at  temperatures  up  to  200°  (maximum 
pressure,  760  psig)  in  an  effort  to  form  a  complex  of  the  type 
OP^SbFg"  or  0‘^‘''(SbF6)2^.  However,  the  reactants  were 
recovered  unchanged. 

Similarly,  OF2  was  reacted  with  CsF  at  temperatures  up  to 
200°  in  the  hope  of  forming  a  complex.  No  reaction  was  noted. 

Oxygen  difluoride  and  GSCIF4  were  combined  and  heated 
for  20  hours  at  200°  (maximum  pressure,  790  psig).  On  cooling, 
the  product  gases  v^ere  found  to  contain  small  amounts  of  O2,  F2» 
and  CIF5  which  were  presumably  formed  according  to  the  equations. 

2OF2  - 3-  O2  +  ZF2 

F2  +  GSCIF4 - 5-  CsF  +  CIF5 
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Oxygen  difluoride  and  ClF4SbF5  were  heated  for  18  hours 
at  200'  (maximurr!  pressure  observed,  500  psig)  and,  on  cooling, 
the  product  gases  were  found  to  contain  CIF5,  O2/  and  F2  in 
addition  to  the  residual  undecomposed  OF2.  Analysis  of  the 
remaining  solid  showed  that  the  ClF4SbF6  had  decomposed  and 
the  residual  material  was  richer  in  the  nonvolatile  SbF5 

ClF4SbFg  - ^  CIF5  +  SbFg 

No  reaction  was  detected  between  OF2  and  ClF2Sbrg  after 
20  hours  at  200'C  (850  psig).  As  usual  some  decomposition  of 
the  OF2  was  obtained.  Mass  spectrometric  analysis  of  the  total 
gas  phase  indicated  the  presence  of  OF2/  O2  and  a  small  amount 
of  CI2  and  CIF5 . 

Oxygen  difluoride  reacted  with  anhydrous  CsCl  at  200'  to 
produce  a  mixture  of  gases  including  O2#  CI2/  some  CIF  and 
CIO2F  and  a  small  amount  of  CF4  and  SiF4  (the  latter  two  com¬ 
pounds  were  found  to  be  impurities  in  the  particular  sample  of 
OF2  used).  The  major  products  were  chlorine  and  oxygen.  The 
residual  solid  was  CsF  admixed  with  a  small  amount  of  CSCIF4 
and  sufficient  Cs2NiF6  to  impart  a  reddish  color  to  the  solid. 

The  principal  reactions  probably  include  the  following: 

OF2  +  2CsCl - 1/2  O2  +  CI2  +  2CsF 

OF2  - ^1/2  02  ^2 

CI2  +  3F2 - ^  2CIF3  (and  CIF  in  the  presence  of 

excess  CI2) 

CIF3  +  CsF - 5>CsC1F4 

2CIF3  +  2CsF  +  reactor  metal - 5>-Cs2NiFg  +  CI2  +  MF2 

The  Ci02F  can  be  accounted  for  by  the  oxidation  of  CIF. 

In  order  to  further  explore  the  reaction  of  OF2  with  metal 
chlorides  in  search  of  Cl-O-F  compounds,  OF2  and  NaCl  were 
heated  in  a  monel  cylinder  at  200'C  for  18  hours  (maximum  pressure, 
940  psig) .  A  reaction  occurred  and  94%  of  the  oxygen  in  the  charged 
OF2  was  recovered  as  O2.  In  addition  the  chlorine  in  the  NaCl 
used  was  almost  quantitatively  recovered  as  Cl2-  Other  gaseous 
products  were  very  small  amounts  of  CIF  and  CIO2F  as  well  as  CF4 
and  SIF4  present  as  impurities  in  the  OF2. 
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4NaCl  +  2OF2  - ^  4NaF  +  2C12  +  O2 

Calcium  chloride  (anhydrous)  and  OF2  were  charged  to  a 
monel  cylinder  and,  following  the  introduction  of  the  OF2  at 
-196°,  the  cylinder  was  allowed  to  v/arm.  During  the  wanning 
period,  a  sudden  and  highly  exothermic  reaction  occurred  which 
heated  the  cylinder  to  a  high  temperature.  After  standing  24 
hours,  the  products  in  the  cooled  cylinder  were  found  to  be  O2 
and  CI2  with  small  amounts  of  CIF,  CIF3,  CIO2F  and  some 
unreacted  OF2.  The  nonvolatile  solid  residue  was  identified  as 
CaF2 .  The  principal  reaction  was: 

CaCl2  +  OF2  - ^  CaF2  +  1/2  O2  +  CI2 

The  reaction  of  OF2  with  CI2  was  carried  out  in  an  attempt 
to  prepare  ClOF,  CIOF3,  CIOF5  or  CIO2F3.  Streng  (Ref.  30) 
stated  that  when  OF2-CI2  mixtures  were  passed  through  a  copper 
tube  at  300 °C,  small  explosions  occurred.  In  addition  it  was 
reported  that  on  warming  mixtures  of  OF2  end  the  halogens  CI2- 
Br2  orl2,  from  -196°C,  explosions  occurred. 

The  mixture  of  OF2  with  CI2  employing  N2  as  a  diluent, 
gave  indications  of  a  trace  of  a  smooth  reaction  occurring. 
Therefore,  it  was  decided  to  eliminate  the  1^2  sad  to  conduct 
the  experiment  at  ambient  temperature  or  above  despite  Streng's 
warnings  of  explosions.  A  binary  mixture  of  OF2  and  CI2  was 
warmed  to  ambient  temperature  but  no  reaction  was  observ'^ed 
after  4  days  under  these  conditions.  Heating  at  150°C  finally 
resulted  in  the  formation  of  CIF  and  O2  as  principal  products. 

It  is  suggested  that  the  following  reaction  occurred: 

2Cl2  +  2OF2 - ^^4C1F  +  O2 

No  reaction  was  detected  at  ambient  temperature  between 
OF2  and  CIF;  however,  at  150 °C  a  slow  reaction  occurred  as 
Indicated  by  a  decrease  in  pressure  over  a  period  of  time.  The 
main  products  in  this  reaction  were  CIF3  and  O2  and  a  lesser 
amount  of  CIO2F.  The  predominance  of  CiF3  indicates  that 
perhaps  two  sets  of  reactions  occurred.  Although  OF2  by  itself 
is  thermally  stable  to  about  200°C,  the  decomposition  to  O2 
and  F2  was  presumably  initiated  or  catalyzed  by  CIF  resulting 
in  the  following  sequence  of  reactions: 

2OF2 - >  O2  +  2F2 

2C1F  +  2?2  - 3-  2C1F3 
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In  addition  !o  the  CIF3  was  found  a  small  amount  of  CIO2F 
which  probably  formed  through  an  oxidation  of  CIF  by  elemental 
oxygen. 


GIF  +  O2  - ^  CIO2F 

Another  attempt  was  made  to  react  OF2  with  GIF  under 
conditions  less  severe  than  described  above.  The  gaseous  OF2 
was  reacted  in  a  flow  system  with  GIF  diluted  with  N2  at  s  4-6 
minute  residence  time.  In  addition  to  the  recovered  reactants, 
the  product  mixture  contained  some  O2  and  another  unidentified 
com.ponent(s) .  The  unknown  materials  were  present  in  very  small 
amounts  and  possessed  infrared  absorptions  bands  in  the  regions 
of  5.40,  6.15,  7.45,  7. 8-7.9,  8.92,  and  11.8/^.  Mass 

spectrometric  patterns  of  the  unknown  materials  gave^a  pattern 
which  indicated  that  our  sample  reacted  with  the  tube  walls  to 
produce  materials  not  present  in  our  original  mixture.  The 
strongest  infrared  unknown  absorptions  appear  in  the  Gl-O  region 
with  no  indication  of  any  Cl-F  absorption.  Further  unsuccessful 
attempts  at  identification  were  made  by  submitting  the  fractions 
to  gas  chromatographic  analysis.  After  several  days  of  storage 
in  a  stainless  steel  cylinder,  we  could  no  longer  detect  the 
unknown  infrared  absorption  bands  indicating  the  material  may 
not  be  very  stable.  We  were  not  successful  in  subsequent 
attempts  to  isolate  and  identify  this  small  amount  of  material. 

I.  Investigations  of  the  Chemistry  of  Nitrogen  Fluorides 

Throughout  the  program  reactions  were  studied  periodically 
in  attempts  to  use  the  nitrogen  fluorides  (NF3,  N2F4,  trans- 
^2^2'  ciS”N2F2)  as  either  fluorinating  agents  or  as  agents 
whereby  the  difluoroamino  group  (-1SIF2)  or  the  fluorimino  group 
(=i'IF)  could  be  substituted  into  oxidizer  molecules.  Results  of 
these  experiments  are  summarized  below. 

Nitrogen  Trifluorlde,  NFg 

Several  exploratory'  reactions  vrere  carried  out  using  NF3 
in  attempts  to  introduce  the  difluoroamino  group  into  a  ClFx 


molecule. 

A  few  possible  reactions  are: 

NF3 

CIF3  - 

F2NCIF4 

NF3 

+  CSCIF4 — ^ 

— CsF  + 

F2NCiF4 

NF3 

+  CIF5 

F2NCIF4 

+  f2 

etc. 
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Unfortunately,  the  high  thermal  stability  of  the  NF3  molecule 
precluded  such  reactions  under  the  conditions  of  our  experiments 

No  reaction  was  detected  between  NF3  and  CIF3  at  tem¬ 
peratures  up  to  425 ’C  and  pressures  up  to  1350  psig.  The 
reactants  were  recovered  unchanged. 

NF3  and  CIF5  did  not  react  after  20  hours  at  325  °C 
(maximum  pressure,  2125  psig).  There  was,  however,  some 
thermal  decomposition  of  the  CIF5  to  CIF3  and  F2.  The  NF3 
was  quantitatively  recovered. 

No  reaction  occurred  between  NF3  and  CIO3F  at  temperatures 
up  to  475 'C  over  a  period  of  18  hours  (maximum  pressure,  2050 
psig).  All  of  the  reactants  were  recovered  unchanged. 

NF3  did  not  react  with  CSCIF4  at  temperatures  up  to  470°C 
over  a  period  of  24  hours.  The  only  products  observed  were  the 
unreacted  NF3  and  CIF3  and  CsF  resulting  from  thermal  decomposi¬ 
tion  of  the  CSCIF4. 

A  mixture  of  NF3  and  ClF4SbF5  was  heated  at  200°  and  the 
products  were  NF3,  CIF5,  and  an  off-white  solid  containing 
SbF5  and  CIF5  in  a  mole  ratio  greater  than  one  (i.e.  SbF5/ClF5 
1).  Since  the  NF3  was  essentially  all  recovered,  it  appears 
that  the  pincipal  reaction  was  a  simple  decomposition  of  the  salt. 

ClF4SbF6  - 5-  SbFs  +  CIF 

Nitrogen  trifluoride  and  difluorochlorine  hexafluoroanti- 
monate  (V)  (ClF2SbF0)  were  combined  in  a  mole  ratio  1.3/1  and 
heated  in  a  monel  vessel  at  several  temperatures: 

a.  At  temperatures  ranging  up  to  250 °C  and  for  periods 
up  to  3  hours,  there  were  no  signs  cf  reaction  and  the  NF3  and 
CiF2SbF5  were  recovered  unchanged. 

b.  A  second  experiment  at  350°  for  23  hours  duration 
indicated  no  reaction  between  the  NF^  and  ClF2SbF6  and  the 
reactants  were  recovered  unchanged. 

No  reaction  occurred  between  NF3  and  CIO2  under  flow 
conditions  at  ambient  pressure  and  temperatures  up  to  110°C. 
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Tetrafluorohydrazlne,  NtF^ 

It  has  been  noted  that  N2F4  is  a  source  of  NF2  radicals, 
and  it  is  conceivable  that  a  radical  induced  reaction  of  N2F4 
with  halogen  fluorides  might  lead  to  unusual  difluoroamino- 
substituted  halogen  fi" prides,  e.g. 

CIF5  +  N2F4  - ^  ClF4lir'2  NFg 

or 

CIF3  +  N2F4  - ^  C1F3(NF2)2 

N2F4  and  CIF5  did  not  react  at  temperatures  up  to  250°.  When 
reaction  finally  did  occur  at  250  °C,  NF3  and  CIF3  were  the  only 
products  suggesting  a  simple  fluorination  of  N2F4  by  CIF5. 

N2F4  +  CIF5 - ^  ClFg  +  2NF3 

In  an  analogous  reaction  of  CIF3  with  N2F4  an  exothi. 
reaction  occurred  at  250’  resulting  in  fiuorination  of  N2F4  by 
CIF3.  It  is  interesting  to  note  that  the  temperature  was  similar 
to  the  initiating  temperature  of  the  ClFs  system  above .  This 
suggests  that  the  initiating  step  is  dissociation  of  the  Cl-F  bond 
since  N2F4  is  appreciably  dissociated  at  lOom  temperature. 

N2F4  - 3-2NF2 

2NF2  +  CIF3 - 3>C1F  +  2NF3 

The  reaction  of  CIF  with  N2F4  was  carried  out  to  inves¬ 
tigate  the  possibility  of  CIF  fluorinating  N2F4  and  to  complete 
the  sequence  from  CIF5  and  CIF3.  The  reaction  at  250  °C  did 
produce  NF3  and  CI2  as  expected;  however,  an  inordinate 
amount  of  NF3  was  found  as  well  as  N2  suggesting  a  simulta¬ 
neous  thermal  decomposition  of  some  of  the  N2F4. 

N2F4 - 5.  2NF2 

2NF2  +  2C1F  - 2NF3  +  CI2 

3N2F4  - ^  4NF3  +  N2 

4N2F4  +  2C1F  - S'  6NF3  +  N2  +  CI2 

The  heterogeneous  CSCIF4-N2F4  system  did  not  interact 
up  to  250 °C  but  at  350 °C  a  rapid  reaction  occurred  giving  CIF, 
NF3  and  N2  as  gaseous  products  and  a  solid  residue  of  CsF , 
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CSCIF4  and  some  Cs2NiF5.  Froir.  the  amounts  of  recovered 
reactants  and  products  it  appears  that  the  primar/  reactions 
were  simple  decompositions 

3N2F4  - ^  ^NFg  +  N2 

CSCIF4 - ^CsF  +  CIF3 

CIF3 - GIF  +  Fj 

and  a  fluorination  of  N2F4  by  CSCIF4  according  to  the  following 
equation  was  only  secondary: 

CSCIF4  +  N2F4  - CsF  +  GIF  +  2NF3 

The  reaction  of  CIO2  with  F2  is  the  preparative  method  for 
the  synthesis  of  CIO2F.  Since  N2F4  can  be  considered  as  a 
pseudohalogen,  readily  dissociating  to  NF2' radicals,  it  is 
reasonable  to  suppose  that  N2F4  might  react  with  the  odd- 
molecule  CIO2*  to  form'  CIO2NF2  3S  below. 

N2F4  - ^  2NF2- 

NF2-  +  G102-  - ^  O2CINF2 

The  reaction  was  smooth  and  the  only  products  Isolated  were 
NOF  and  CI2  as  well  as  small  amounts  of  N2  or  F2.  The 
apparatus  apparently  contained  some  HF  from  the  previous  use 
and  with  the  NOF  formed  minute  amounts  of  solid  NOF-  SHF. 

There  was  no  residual  CIO2  in  the  product  mixture  and  no  new 
or  unknown  materials  were  detected. 

A  reaction  between  N2F4  and  ClF4SbFg  at  195  °C  produced 
NF3,  N2.  CIF3,  GlFg,  SbFs  and  a  mixture  (GlF^-SbFg)  of  indeter¬ 
minate  composition.  The  amount  of  NF3  recovered  was  greater 
than  could  be  theoretically  expected  from  a  thermal  decomposition 
of  N2F4. 

3N2F4 - 5>-  4NF3 

Tne  presence  of  GIF5  and  SbFs  is  a  result  of  the  decomposition 
of  ClF4SbFg.  The  CIF3  in  large  quantities  indicates  that  N2F4 
was  flucrinated  to  NF3'  by  the  CIF5.  The  total  reaction  is  the 
sum  of  two  reactions: 
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ClF4SbF0  - CIF5  +  SbFs 

CIPb  +  N2F4 - ^  2NF3  +  CIF3 

As  above,  the  reaction  of  N2F4  with  ClF2SbF5  yielded  NF3, 

N27  CI2.  SbF5  and  some  (ClFjjSfaF5)  of  indeterminate  composition. 
From  the  amount  of  salt  recovered,  it  was  evident  that  the  bulk 
of  NFj  came  from  the  decomposition  of  N2F4;  however,  a  lesser 
amount  originated  with  the  fluorination  of  N2F4  by  CIF3  and  its 
degradation  product  CIF  producing  ultimately  Cl2- 

Trans -Difluorodiazine,  trans-NvF? 

An  exploratory  study  was  begun  to  evaluate  the  feasibility 
of  using  N2F2  as  a  fluorinating  agent  toward  Ci02F  and  CIO3F 
and  as  a  completing  agent  toward  CIO2F  and  CIF5.  The  first 
P’hases  of  this  work  were  carried  out  using  an  isomeric  mixture 
containing  ever  95  mole  per  cent  trans-K2f'2’ 

No  reaction  occurred  between  trans-N2F2  and  CIO3F  in  the 
temperature  range  -78°  C  to  250°C  and  at  autogenous  pressures. 

It  is  to  be  noted  that  the  trans-N2F2  contained  some  cis-N2F2  and 
NF3  initially  and  following  exposure  at  250  °C  there  was  a  slight 
increase  in  the  amount  of  NF3  present  indicating  that  some 
thermal  decomposition  of  the  difluorodiazine  had  occurred. 

No  reaction  was  detected  between  CIF5  and  trans-N2F2 
in  the  temperature  range  -78'C  to  250°C.  Again  thermal  decomposi¬ 
tion  of  trans-N2F2  was  indicated  by  the  slight  increase  in  the 
relative  NF3  concentration  and,  with  this  exception,  a  nearly 
quantitative  recovery  of  the  starting  materials  was  obtained. 

When  equimolar  amounts  of  trans-N2F2  *2:102F  were 
combined  at  -78 "C  in  a  Kel-F  trap,  the  observed  pressure  was 
approximately  that  calculated  for  an  ideal  solution;  however,  a 
color  change  occurred  immediately  on  contact  of  the  reactants . 

The  CIO2F  initially  was  a  pale  yellow  liquid  at  -78 °C  and  on 
slow  addition  of  trans-N2F2  the  color  changed  to  a  deep  yellow- 
orange.  No  phase  separation  was  noted.  Infrared  analysis  of 
the  vapor  phase  failed  to  disclose  anything  other  than  the  reactants 
and  on  removing  the  difluorodiazine  the  CIO2F  again  assumed  its 
pale  yellow  color.  Both  reactants  were  quantitatively  recovered. 

In  a  second  experiment,  a  similar  but  large  charge  was 
stored  in  a  monel  reactor  at  25'  thus  no  color  changes  could  be 
observed.  Infrared  analysis  of  the  gas  phase  indicated  only  the 
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starting  materials  to  be  present.  Horvevcr,  after  this  charge 
was  heated  at  200''C,  a  reaction  seemed  to  occur.  The  pressure 
rose  steadily  to  a  maximum  of  250  psig  in  the  first  4  hours  at 
ZOO'C  and  then  dropped  and  leveled  off  at  100  psig  for  the 
balance  of  the  heating  period.  Infrared  analysis  indicated  that 
CIF3  was  the  main  product.  Present  also  was  some  unreacted 
CIO2F,  NF3  (’n  a  larger  amount  than  present  in  the  initial  N2F2) 
and  no  trace  of  any  difluorodiazine.  Mass  spectrometric  analysis 
confirmed  the  presence  of  N2  and  O2.  No  new  or  unidentified 
materials  were  detncted. 

Cis-Difluorodiazlne,  cis-NeF? 

Cis-N2F2  is  known  to  form  com.plexes  with  strong  Lewis 
acids  and  it  was  of  interest  to  study  tne  possibility  of  complex 
formation  with  the  Cl-O-F  oxidizers.  No  reaction  took  place 
between  cis-N2F2  and  Ci02F  In  the  temperature  range  -78'C 
to  180°C.  At  180°C,  the  thermal  decomposition  of  cis-N2F2 
was  noted  and  the  GIO2F  was  recovered  unchanged  at  the  end 
of  the  experiment. 


No  reaction  was  observed  between  cis-N2F2  and  CIO3F 
in  the  temperature  range  -78 'C  to  180°C.  Conditions  were 
limited  to  the  point  at  which  the  thermal  decomposition  of  cis- 
N2F2  was  detected.  A  quantitative  recover/  of  0103?  was 
obtained. 

No  reaction  was  obser/ed  between  cis-N2F2  and  OF2  in 
the  temperature  range  -78"C  to  150°C.  At  the  upper  temperature, 
the  cis-N2F2  was  almost  completely  decomposed  and  a  slight 
decomposition  of  OF2  also  occurred  but  no  new  products  were 
formed. 

The  reaction  of  CIS-N2F2  with  CIF5  could  form  N2FCiF5 
according  to  the  equation 

N2F2  +  GIF5 - >  N2F+C1F5“ 

and  other  possible  products  can  be  speculated.  The  N2F'*’  ion  is 
known  to  exist  in  various  compounds  but  the  C1F5“  ion  has  yet 
to  be  synthesized.  We  obsen-'ed  no  reaction,  however,  between 
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cis-N2F2  end  CIF5  in  the  temperature  range  -78 "C  to  ISC'C. 

At  150 ‘C,  thermal  decomposition  of  the  N2F2  occunrcd  and  also 
some  degradation  of  CIF5  to  CiF3  and  F2  took  place. 

The  expected  synthesis  of  N2FCIF4  by  reaction  of  cis-N2F2 
with  CIF3  did  not  materialize.  No  reaction  was  detected  between 
the  gases  at  temperatures  up  to  150°.  At  the  higher  temperatures 
only  the  thermal  decomposition  of  cis-N2F2  into  I-,'2  and  F2  was 
noted  in  addition  to  some  CIF5  formed  from  the  subsequent  reac¬ 
tion  of  elemental  F2  with  the  CIF3  present. 

The  reaction  of  cis-N2F2  with  CIF  did  not  yield  N2F^C1F2”. 
As  above,  no  reaction  occurred  in  the  -78°  to  150°C  temperature 
range.  The  thermal  decomposition  of  cis-N2F2  into  N2  and  F2 
was  detected  above  150°C  in  addition  to  some  CIF3  most  likely 
formed  by  a  reaction  of  F2  with  GIF. 

7.  Electrochemical  Studies  Relating  to  the  Preparation  of  New 
Oxidizers 


This  phase  of  the  program  was  concerned  with  a  study  to 
determine  the  feasibility  of  preparing  new  oxidizers  by  electrolysis 
of  systems  containing  as  solvents  or  solutes  CIF3,  CIF5,  ClOr,?, 
CIO3F  and  other  halogen  fluorides  or  halogenyl  fluorides.  As 
indicated  in  several  experiments  below,  the  feasibility  of  this  . 
approach  was  partially  demonstrated  by  the  preparation  of  CIF5  oy 
electrolyses. 

Unfortunately  many  of  the  halogen  fluorides  and  halogenyl 
fluorides  of  interest  as  solvents  and  reactants  are  poor  conductors 
and  the  electrical  equivalents  which  can  be  passed  through  a 
system  are  extremely  small  per  unit  time.  It  has  been  of  interest 
therefore  to  screen  potential  system ,  for  conductivity  and  to 
attempt  to  provide  additives  for  raising  the  conductivity  to  a 
practical  value. 

The  cell  used  performs  the  dual  function  of  an  electrolysis 
cell  and  a  conductivity  cell  and  the  final  design  is  given  in 
Fig.  6.  This  ceil  was  calibrated  by  measuring  the  resistance 
of  standard  KCl  solutions  and  the  cell  constant  was  determ.ined 
as  0.248. 

The  conductivity  values  determined  during  this  phase  of 
the  work  are  summarized  in  Table II  for  ready  reference  and  the 
discussion  of  the  work  is  given  in  the  following  paragraphs. 
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Table  n 


C onductivities  of  Oxidizer  M^ctures 


Mole 

Fraction 

Solvent  Solute  Solute 

CIF3 

BrF3 


CIF5 

SbFg 


ClOoF 

BrFs" 


NO2F 

HF 

CIF3  CsF  0.01 

CIF3  ClF2SbF6  0.013 


CIF3  BrFj  0.098 

BrF3  0.50 


ClFs 

CIO2F 

0.044 

CIF3 

CIO2F 

0.043 

CsF 

0.019 

CIF3 

IF5 

0.153 

CIF3 

CIO3F 

0.146 

SbFs 

CIF5 

0.103 

Specific* 

Temp.  Conductivity 
(°C)  ’  (ohm^^  cm~^) 

0°  -  4  X  10”7 
25"  7.53x10*'^ 


-23.9’  <2.11x10"^ 

25*  <2.11  X 10"^ 


25’  5.65  X  10“5 


-51’  <2.1  X  10-B 

-51’  1.88x10“® 

0"  2. 18  X  10"® 

25’  2.>jxl0"® 

-78°  <10"® 

-12’  <10"® 

0’  2. 3-2.9  X  10"* 

0’  5.1  X  10"^ 


0°  7.6  X  10"® 

0’  2.4  xlO""* 


-12’ 

A 

0 

-12’ 

12.4  X  10"'^ 

24’ 

4.21  X  10"® 

-51’ 

<  10"® 

25’ 

2.64  X  10"^ 

Remarks 

Non-conducting  (NO 
Purer  sample  and  lower 
value  than  that  reported 
by  Banks  et  al.  (Ref.  31) 

NC 

NC.  Comparable  to  the 
value  reported  by  Woolf 
and  Greenwood  (Ref.  35) 
Commercial  (99+%); 
checks  with  literature 
(Ref.  36,  37) 

NC 

Comparable  to  reported 
values  (Ref.  38,  39) 

NC 

NC.  See  also  Ref.  40 
Electrolyzed  to  give  CIF5 
Electrolyzed  at  voltages 
up  to  20  V.  D.C.  to  give 
quantitative  yields  of 
CIF5 
NC 

Unsuccessful  electrolysis 
at  10-11  V.  D.C.  Conduc¬ 
tivity  decreased  to  1 . 2  x 
10"“*  ohm"^  cm"^.  No 
products  isolated. 

NC 

Some  CIF5  produced  at 
12  V.  D.C. 

NC 

NC 

Not  homogeneous;  solids 


*  Values  below  10"®  ohm"^ 
supplementary  ohmmeter. 


cm"^  were  estimated  from  resistances  measured  with  a 
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Table  H  (Continued) 


Specific 


Solvent 

Solute 

Temp. 

IICL 

Conductivity 
(ohm“^  cm"^) 

CIF5 

CsF 

0.196 

-23° 

<  10~^ 
c. 

CIO3F 

SbFg 

0.040 

-51° 

<10-6  ^ 

BrFs 

CIF3 

0.130 

0° 

2.06  X  IQ-o 

NO2F 

CIF3 

0.5 

25° 

-78° 

2.38  X  10-6 
<  10-6 

HF 

NO2F 

0.20 

-78° 

<10-6 

HF 

CIF3 

0.20 

-12° 

<10-6 

HF 

NO2F 

0.166 

-12° 

<10-6 

NC 


NC.  Solid  SfaFr  present 

NC 

NC 

NC 

NC 

NC 

NC;  however,  application 
of  10  v.  D.C.  resulted  in 
a  current  flow  of  1  -  3  amps 
and  formation  of  CIO2F, 
CIF5  and  presumably  CI2. 
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CIF3/C5F  System: 

Addition  of  CsF  to  CIFt  at  a  mole  ratio  of  1  to  100  increased 
the  conductivity  from  4  x  10^  ohm“^  cm“^  for  the  pure  solvent 
to  a  solution  of  specific  conductance  of  2. 3 -2. 9  x  10“'^  ohm“^  cm"  . 
Electrolysis  of  this  solution  at  20v.D.C.  resul  .ed  in  the  formation 
of  CIF5:  however,  the  yields  were  not  detenriined. 

In  the  work  with  CsF,  the  formation  of  CSCIF4  had  been 
postulated  as  the  contributing  factor  to  the  appreciable  increase 
in  conductivity  of  the  CIF3.  However,  on  using  previously 
prepared  CSCIF4  it  was  found  that  the  CSCIF4  was  not  soluble 
in  CIF3  at  a  mole  ratio  of  1:100.  The  specific  conductance  of 
the  mixture  at  0°  was  about  4.23  x  10"^  ohm"^  cm~^  and  approx¬ 
imately  equivalent  to  that  of  pure  CIF3.  The  mixture  did  not 
conduct  appreciable  current  at  applied  potentials  up  to  110  v.  D.C. 

It  is  concluded  that  no  CSCIF4  was  formed  in  the  experiment 
employing  CsF  and  ClF3_.  A  pc'^sible  explanation  may  be  an  induced 
ionization  of  the  CiF3  by  CsF  according  to  the  following  equation: 

CIF3  +  CsF - C1T2^  +  CSF2" 

ClF-:t/SbFi:  System: 

In  view  of  the  poor  conductivity  of  salts  supposedly  contain¬ 
ing  the  CIF4"  ion,  investigations  were  carried  out  on  complexes 
of  CIF3  with  SbFs  which  are  postulated  to  be  of  the  type  ClF2'’‘SbFe  . 

SbF5  was  reacted  first  with  CiF3  to  yield  the  white  salt  and 
then  the  required  CIF3  was  added  to  produce  a  mole  ratio 
ClF2'^SbF6"/ClF3  of  1  to  75.8.  The  specific  conductivity  of  this 
solution  at  0°  was  5.1  x  lO-**  ohm“l  cm“^  and  electrolysis  was 
conducted  for  5.25  hrs.  at  increasing  voltages  of  6,  10,  and  20  v. 
D.C.  with  respective  current  flows  of  0.005,  0.036,  and  0.12 
amps.  A  total  of  8.45  milliequivalents  of  electricity  v/as  passed. 
Fractionation  of  the  evolved  gases  served  to  separate  CIF5  in 
virtually  quantitative  yield  from  the  CI2  also  produced  and  some 
small  amount  of  CIF3  which  vaporized  from  the  cell. 

ClF^/BrFo  System: 

The  conductivity  and  electrohdic  properties  of  liquid  mixtures 
of  CIF3  and  BrF3  were  studied  using  proportions  which  were 
j-ggpgctively  high  in  either  one  of  the  components,  or  in  which 
the  proportions  of  the  two  were  similar . 
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The  specific  conductivity  of  BrFs  (tn.p.  S'C)  was  deter-, 
mined  to  be  7.53  x  10“'*  ohm-1  cm"!  at  25  “C  for  a  material  of 
specified  98.0%  minimum  purity  (Matheson  Co.).  This  was 
nitrogen-stripped  before  the  conductivity  measurement  to 
remove  colored  material  believed  to  be  bromine,  as  well  as 
any  HF. 

The  observed  value  is  lower  than  the  specific  conductivity 
of  8  X  10“3  ohm-1  cm-1  for  BrFs  at  25 -C  reported  by  Banks, 

Emeleus  and  Woolf  (Re^.  31).  They  had  prepared  BrFs  from  the 
elements ,  distilled  and  performed  conductivity  measurements 
in  a  quartz  cell  with  platinum  electrodes.  Our  cell  was  construc¬ 
ted  of  Kel-F,  with  nickel  electrodes.  In  a  continuation  of  their 
studies,  Emeleus  and  Woolf  (Ref.  32)  demonstrated  a  quantitative 
reaction  between  Si02  and  BrF3  in  accord  v/ith  the  reaction  3Si02  ■*" 

4BrF3 - >  3SiF4  +  302  2Br2  from  which  all  products  should  be 

ultimately  volatile.  Rather  surprisingly,  their  experiment  was 
conducted  in  silica  equipment.  It  appears,  in  any  event,  that  the 
difference  between  our  observed  conductivity  value  for  BrFs  and 
the  previous  report  may  be  attributable  to  purity  differences. 

The  conductivity  of  a  solution  of  1  mole  of  BrFs  in  9.2  mole 
CIF3  was  7.6  X  10-6  ohm'^  cm"^  (0°)  and  too  low  to  attempt 
electrolysis.  The  concentration  of  BrFs  was  increased  until  it 
was  equimolar  with  CIFt.  The  specific  conductivity  of  this 
solution  was  2.4  x  10"^  ohm"*  cm"*  (0”)  and  the  solution  was 
electrolyzed  at  10-11  v.  D.C.  with  a  total  of  286  coulombs 
passed.  We  were  not  able  to  Isolate  products  in  order  to  explain 
the  current  flow  in  the  cell  although  some  inconclusive  evidence 
was  obtained  suggesting  that  CIF  may  have  been  a  product. 

A  mixture  of  1  mole  CIF3  to  9.29  moles  BrFs  was  electro¬ 
lyzed  at  an  average  potential  of  20  volts  (average  0.13  amps) 
for  17  hours.  No  volatile  products  were  noted  in  the  traps 
downstream  of  the  cell. 

The  residual  BrF3  solution  v/as  colored  dark  orange -brown. 
This  is  attributed  to  the  presence  of  bromine  which  could  be 
swept  from  the  cell  by  nitrogen  and  condensed.  Claasen, 
Weinstock  and  Malm  (Ref.  33)  noted  that  pure  BrFg  reacts 
slowly  with  nickel  to  form  reddish  products  which  may  be  Br2 
or  BrF.  Our  nickel  electrodes  were  tarnished  although  not 
corroded  sufficiently  to  account  for  the  quantity  of  Br2  and  it 
is  believed  the  Br2  is  a  direct  or  indirect  result  of  electrolysis. 
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During  electrolysis  of  the  ClF3/BrF3  solution,  the  con¬ 
ductivity  decreased  iroin  l.a  x  10"^  to  1.2  x  10"'^  ohm  ^  cm”^. 
Banks  et  al.  (loc.  cit.)  observed  the  same  phenomenon  on 
electrolysis  of  pure  BrF3  and  postulated  the  following  mechanism: 

2BrF3 - BrEs"^  +  BrF4" 

2BrF2''’  +  2e  - - BrF^  +  BrF  (brown,  unstable) 

2BrF4" - ^  2e  +  BrF3  +  BrFs  (colorless) 

The  formation  of  BrF  and  BrF5  in  the  BrF3  would  decrease 
the  conductance  simply  by  dilution.  The  above  mechanism  is 
consistent  with  our  observations  since  BrF  is  an  unstable 
material  forming  the  Br2  observed  in  our  cell. 

3  BrF  - ^  Br2  +  BrF3  (Ref.  34) 

It  should  be  noted  that  Banks  et  al.  proposed  the  above 
mechanism  partly  to  explain  the  absence  of  polarization  in  their 
work.  In  our  studies  polarization  was  observed  and  could  be 
eliminated  temporarily  by  reversing  the  polarity .  This  may  be 
due  to  some  unknown  influence  of  the  dissolved  CIF3. 

ClFq/SbFq  System: 

The  specific  conductivity  of  CIF5  prepared  in  this  laboratory 
was  determined  to  be  <  2.11  x  10"^  ohm'^  cm"l  (the  lower  limit 
of  our  conductivity  bridge)  at  -78®C  and  at  -23. 9 "C,  and  is 
probably  somewhat  lower,  i.e. ,  <  10  ^  ohm  ^  cm  .  The  fact 
that  there  was  no  observable  increase  in  conductivity  between 
dry-ice  temperature  and  -23. 9 'C,  nearly  the  boiling  point  of 
CIF5,  seems  to  indicate  that  the  conductivity  of  this  substance 
is  very  low  and  the  pure  compound  would  be  impractical  as  an 
electrolyte.  This  was,  of  course,  the  sole  purpose  of  our  con¬ 
ductivity  determination. 

In  a  separate  experiment  doubly-distilled  SbF5  was  charged 
to  the  conductivity  cell  under  dry-box  conditions  and  the  specific 
conductivity  was  found  to  be  <  2.11  x  10  ^  ohm"^  cm~^  at  25'C. 
The  specific  conductiu'ity  of  SbFs  has  been  reported  as  <  lO'^ 
ohm"l  cm”^  (Ref.  35).  The  value  determined  in  this  laboratory 
appears  in  keeping  with  the  prior  reports. 
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The  properties  of  the  system  mi>:ed  SbF5-ClF5  were  than 
explored  using  a  high  ratio  of  SbFg .  Final  proportions  were  in 
the  mole  ratio  8.72  SbFs/ClFs.  '5ince  SbF5  freezes  at  7®C, 
the  reaction  was  initiated  at  10 ®C  and  the  CIF5  was  added  in 
increments  as  a  gas  under  its  own  vapor  pressure.  A  slightly 
yellow  solid  was  formed  immediately  on  addition  of  CIF5  to 
SbFs  and  persisted  even  though  the  cell  was  allowed  to  warm 
to  25  *C .  Mixing  was  extremely  slovr  because  of  the  density 
and  viscosity  of  the  SbFs,  coupled  with  the  formation  of  a  crust 
of  complex  ClFs'SbFs  on  the  surface  of  the  liquid.  Slight 
warming  did  tend  to  melt  the  complex .  but  this  could  not  be 
carried  to  the  point  of  homogenie ty. 

A  final  measurement  showed  the  specific  conductivity'-  of 
the  inhomogeneous  liquid-solid  system  to  be  2,64  x  10”^  ohm~^ 
cm”^  at  25-30 °C.  The  enhanced  conductivity  of  the  system 
indicates  that  the  CIF5  •  SbFs  complex  is  probably  an  ionic 
species  such  as  ClF4'''SbFg~. 

During  overnight  storage  of  the  cell  containing  SbFs 
the  complex,  a  severe  crack  developed  on  the  interior  wall  of 
the  ceil  (see  Fig.  5).  On  wanning  slightly  to  dissolve  the 
complex,  further  extensive  cracking  occurred,  with  leakage 
from  the  cell.  The  experiment,  including  contemplated  electro¬ 
lysis,  was  abandoned  of  necessity. 

Subsequent  studies  of  the  ClFs-SbFs  system  was  carried 
out  at  low  temperatures  to  minimize  stress  cracking  of  the  cell. 

At  -23°,  it  was  observed  that  a  combination  of  CIF5  and  SbFs 
in  a  mole  ratio  of  21.5:1  consisted  of  supernatant  liquid  CIF5 
above  a  solid  mass  of  frozen  SbFs  containing  solid  ClF^SbFg. 

The  specific  conductance  of  the  non-homogeneous  system  was 
equivalent  to  that  observed  for  pure  CIF5. 

The  presence  of  theClF^SbFg  was  indicated  by  a  mass 
balance  of  the  CIF5  used,  and  recovered,  as  well  as  evidence 
of  stress  cracking  in  the  Kel-F  cell  due  to  overnight  storage  of 
non-volatile  residual  solids. 

The  non -conductivity  of  the  liquid  CIF5  suggests  that  none 
of  the  complex  had  dissolved.  Whether  this  was  the  result  of 
inherent  insolubility  or  poor  mixing  is  not  known.  The  ionic 
nature  of  the  ClF4SbF6  complex  was  suggested  by  an  experiment 
using  a  mole  ratio  of  1  CIF5  to  8.72  SbFg  in  which  the  complex 
was  formed  and  increased  the  conductivity  of  the  SbFg  from  <C2.11 
X  10“^  obra"!  cm-1  to  2.04  x  10"^  ohm"^  cm~^. 
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CL  =/ivIetaI  Fluoride  Svstjnt! 

Since  CsF  was  observed  to  increase  the  conductiviti’-  of 
CIF3,  it  was  of  interest  to  investigate  the  oondvic"j.vity  of  alkali 
metal  fluorides  and,  lor  comparative  reasons,  that  of  CsF  in  CIF5. 

Tho  specific  conductance  of  a  m’xturc  containing  a  mo’e 
ratio  of  34,1  ClF^/CsF  at  -23° C  was  determined  to  bn  <2  x  10"^ 

QyjTj,-!  cm”-  by  supplementary  obser/atlon  of  resistance  with  a 
volt -ohme ter.  However,  the  validity  of  the  determination  was 
questioned  'ecanse  a  iiqu.id  product,  believed  to  be  a  hydrated 
acid  fluoride,  v^as  rac-overed  as  a  final  cell  residue.  Repetition 
of  the  experiment  using  CIF5  freed  of  HF  at  a  mole  ratio  of  50 
ClFs/CsF  confirmed  the  specific  conductance  of  the  s/stem  to 
be  <  10”^  ohm"^  .i.  solid  product  which  was  evid.r-nt!y 

CsF  containing  absorbed  CIF5  was  finally  obtained,  bu-  mass 
balance  did  not  indicate  the  formation  of  a  complex.  In  both 
experiments,  CsF  v/a-s  insoluble  in  CiFs  so  that  the  low  con¬ 
ductance  value  and  failure  to  pass  currant  were  doubtless 
char  icteristlc  of  CIF5. 

Anhydrous  K?  was  insoluble  in  liquid  CIF5  at  -23'  at  a  mole 
ratio  of  26.3  CIF5/K?.  The  specific  conductance  of  the  mixture 
was  <  10~®  ohm~‘  cm"*,  which  was  no  doubt  that  of  CIF5.  There 
was  no  evidence  of  complex  formation  between  CIF5  and  KF. 

CIFt/ClOpF  System: 

In  previous  studies  {Ref.  23)  it  had  been  found  that  CIO2F 
will  disserve  readily  in  CIF3  to  give  a  dense  solution  attractive 
as  a  mixed  oxidii.er.  In  addition  the  sensitivity  of  CIO2F  to 
hydrolysis  by  moist  air  seemed  to  be  moderated  by  solution. 

Although  this  could  be  attributed  to  dilution,  it  seemed  worthwhile  to 
study  the  liquid  system  for  evidence  of  dissolved  ionic  compounds. 

The  conductivity  of  a  solution  of  CIO^F  :n  GIF  3  was  determined  at 
-i2°C,  first  at  a  mole  ratio  of  31.8  CiF3/C102F ,  then  at  21.7  C-IF,/ 
ClOz^-  specific  conductance  of  each  system  was  <10"6  ohm"i 
cm"^ .  Tins  value  if  of  an  order  similar  to  the  conducUvity  of  CIF3. 

It  is  concluded  tiiat  0102?  ®  conductivity  since 

addition  of  CIO2F  to  CIF3  did  not  alter  conductance,  even  on  increasing 
the  proportion  of  CIO2F. 
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Since  fluorination  of  CIO2F  is  an  attractive  route  to  new 
oxidizers  and  since  CIO2F  is  sensitive  to  protonic  solvents,  it 
was  evident  that  this  compound  must  be  studied  in  compatible 
solvents  such  as  CIF3  containing  additives  such  as  CsF  to 
increase  the  conductivity. 

The  CIF3-CSF  system  was  the  conducting  medium  and  the 
source  of  fluorine  on  electrolysis  which  could  be  replenished  by 
subsequent  additions  of  CIF3.  The  CIO2F  is  typical  of  inter¬ 
mediates  which  can  be  dissolved  in  the  CIF3-CSF  mixture  and, 
although  non-conducting  themselves,  will  be  fluorinated  on 
electrolysis.  There  is  thus  an  analogy  to  the  Simons  cell  and 
the  electrolysis  of  hydrocarbons  in  KF-HF  systems. 

The  addition  of  CsF  to  the  liquid  system  CIF3/CIO2F  at 
-12 °C  produced  an  increase  in  conductivity,  the  specific  con¬ 
ductance  being  12.4  x  10”^  ohm~l  cm“^  at  a  mole  ratio  of  50 
CIF3/2.3  CIO2F/CSF.  However,  the  CsF  was  incompletely 
soluble  and  in  addition,  flocculent  material  of  an  apparently 
different  character  formed  on  first  storage  at  -78°;  persisting 
on  warming  to  -12° .  .Appearance  of  the  flocculent  material  was 
accompanied  by  a  small  decrease  in  specific  conductance  to 
8.43  X  10“'^  ohm"l  cm“l.  Subsequent  analysis  of  this  system 
indicated  that  the  presence  of  CIO2F  prevented  dissolution  of 
the  CsF  in  the  CIF3  solvent  and  that  the  observed  flocculent 
precipitate  was  pure  CsF. 

ClF.^/IFq  System: 

The  specific  conductance  of  commercial  IF5  (99+%)  was 
determined  to  be  5.65  x  10“^  ohm“^  cm~^  at  25 °C,  and  4.02  x 
10“^  ohm~^  cm“^  in  a  mixed  solid-liquid  phase  system  at  the 
freezing  point  of  9°C.  These  data  compare  favorably  with  the 
values  reported  by  Woolf  (Ref.  36)  and  by  Regers  et  al.  (Ref.  37). 

IF5  was  completely  soluble  at  0°C  in  CIF3  and  a  mixture 
containing  a  mole  ratio  of  6.76  CIF3/IF5,  had  a  specific  conduc¬ 
tance  at  this  temperature  of  2.43  x  10“°  ohm“l  cm  .  At  24 °C 
and  a  mole  ratio  of  approximately  5.54  GIF3/IF5,  the  specific^ 
conductance  increased  only  slightly  to  4.21  x  10“®  ohm“^  cm 
Since  it  appeared  that  the  conductivity  values  observed  resulted 
from  the  dilution  of  IF5  without  the  formation  of  conductive 
species  in  CIF3,  such  mixtures  were  not  explored  further.  There 
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was  no  indication  of  an  induced  ionization  as  given  in  the  equation 
below  and  the  conductivity  was  too  low  for  practical  electrolysis. 

IF5  +  CIF3  — ^  C1F2‘*'  +  IFs' 

CIF3/CIO3F  Systam: 

The  specific  conductance  of  CIO3F  (b.p.  -47 °C)  was  deter¬ 
mined  to  be  <  2  X  10"^  ohm~i  cm"^  at  -5l”C,  in  good  agreement 
with  a  previously  reported  value  (Ref.  38).  The  specific  conduc¬ 
tance  of  a  CIF3/CIO3F  mixture  in  the  respective  mole  ratio  5.83/1 
was  observed  to  be  <10"°  ohm“i  cm“^  at  -SI”C.  Because  both 
components  of  the  mixture  are  poorly  conductive,  the  low  conduc¬ 
tivity  value  of  the  mixture  indicated  the  absence  of  any  ionic 
species.  CIO3F  alone  or  with  CIF3  did  not  pass  current  under 
applied  potential,  and  electrolysis  was  not  feasible. 

ClOgF  0103'^  +  F“ 

CIO3F  +  CIF3  »  0103'^  +  C1F4" 

A  ternary  mixture  composed  of  a  mole  ratio  of  29.3  CIF3/4.86 
CIO3F/CSF  contained  undissoived  solids  at  -51"  and  was  observed 
to  have  a  specific  conductivity  of  1.24  x  10“^  ohm  ^  cm“l. 
Electrolysis  was  impractical  since  the  system  did  not  conduct 
appreciable  current. 

The  conductance  of  the  ternary  system  was  less  than  that 
of  the  initial  CIF3/CSF  mixture  before  adding  CIO3F,  indicating 
that  the  latter  served  mainly  as  a  diluent  and  did  not  form  ionic 
species  with  CsF.  As  noted  above,  a  mixture  of  CIF3  and  CIO3F 
was  non— conductive ,  so  that  the  meager  conductivity  detected  for 
the  CIF3/CIO3F/CSF  system  appeared  to  be  due  to  a  CIF3-CSF 
complex,  possibly  ClF2^CsF2  proposed  above. 

ClO^F/SbF^  System: 

The  possible  formation  of  complex  ions  by  CIO3F  was  explored 
further  by  observation  of  a  mixture  containing  a  mole  ratio  of  24.3 
C103F/SbF5.  The  specific  conductance  of  the  system  was  <  i0~° 
ohm-1  cm“^  at  -51  =C.  The  SbF5  (m.p.  7"C)  appeared  to  disperse 
throughout  the  CIO3F  as  fine,  white  suspended  particles  on  stirring. 
The  mixture  was  non -conductive  under  an  applied  potential  of  107 
volts  D.C. ,  so  that  electrolysis  was  not  possible.  Qualitative 
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tests  on  the  non-volatile  material  recovered  showed  it  to  be  pure 
antimony  fluoride.  The  conclusion  that  CIO3F  did  not  form  an 
ionic  complex  with  SbF5  agrees  with  other  studies  made  in  this 
laboratory  employing  pressure  techniques. 

ClFVBrF!^  System: 

The  specific  conductance  of  commercial  BrF^  (HF-free)  was 
determined  to  be  1.88  x  10~®  ohm— 1  cm”^  at  -51°C  (m.p.  -62*), 

2.18  X  10"5  ohm-1  cm"!  at  0*  and  2.73  x  10"^  ohm"l  cm~l  at  25* 
fb.p.  40°).  The  results  at  -51°  and  0°  are  comparable  to  values 
reported  for  a  similar  commercial  material  [Ref.  38);  but,  as  expected, 
the  value  at  25°  is  somewhat  above  the  conductance  of  9. 1  x  10-8 
ohm'l  cm"^  reported  fora  "carefully  purified"  sample  (Ref.  39), 

As  noted  below,  some  Br2  may  have  been  present  in  the  BrF5. 

A  homogeneous  solution  containing  a  mole  ratio  of  5.39 
BrF5/ClF3  exhibited  a  specific  conductance  of  2.06  x  10"®  ohm"^ 
cm-1  at  0°  and  2.38  x  10"6  at  25' .  Neither  the  pure  BrFs  nor  a 
solution  with  CIF3  passed  more  than  one  milliampere  current  under 
an  applied  potential  of  up  to  108  volts  D.C.  Tne  addition  of  a 
slight  amount  of  CIF3  to  the  BrFg  caused  the  color  of  the  BrF5  to 
Change  from  a  dark  red  brown  to  a  clear  faint  amber.  However, 
because  no  conductivity  Changes  were  noted  and  no  solid  residues 
were  recovered,  it  is  thought  that  the  color  change  indicated  the 
fiuorination  of  a  small  amount  of  elemental  bromine  contaminant 
by  the  CIF3. 

The  Ternary  NO ^F/CIFVHF  System 

The  conductivities  of  liquid  mixtures  containing  NO2F,  CIF3 
or  HF  were  observed  while  employing  the  constituents  in  various 
combinations,  proportions  and  orders  of  addition.  The  specific 
conductances  of  the  individual  constituents  were  found  to  be  <C  10 
ohm"^  cm-f  at  the  temperatures  noted  below.  The  binary  mixtures 
(NO2F/CIF3,  HF/NO2F,  HF/CIF3)  and  ternary  mixtures  were 
similarly  non-conductive.  Conductivity  measurements  involving 
NO2F  (b.p.  -72 °C)  alone  or  with  either  HF  or  CIF3  were  made  at 
-78°  because  of  pressure  limitations,  but  observations  of  the  con¬ 
ductivities  of  HF  and  CIF3  were  made  at  -12*  or  above.  The  latter 
temperature  was  used  in  studying  ternary  mixtures  containing  excess 
HF.  since  these  exhibited  relatively  low  vapor  pressure  at  -12*. 
However,  when  equimolai'  quantities  of  the  three  components  were 
used,  the  high  gas  pressure  which  developed  prevented  warming 
much  above  -78°  . 
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An  equimolar  mixture  of  NO2F  and  CIF3  at  -7S°  contained 
a  small  quantity  of  yellowish  white  dispersed  solids  identified 
as  NO2CIF4 .  This  material  is  Insoluble  in  either  reagent  and 
did  not  increase  the  conductivity  of  the  system .  Addition  of  HF 
to  produce  an  equimolar  ratio  of  NO2F/CIF3/HF  produced  additional 
solids,  presumably  N02F-XHF,  but  the  HF  was  insufficient  to 
complex  all  the  NO2F  since  pressure  developed  on  warming  above 
-78°.  The  same  adduct  was  also  formed  on  addition  of  one  mole 
of  NO2F  to  4  moles  of  HF  at  -78°C.  In  contrast,  a  solution  of  one 
mole  CIF3  in  4  moles  of  HF  was  a  homogeneous  clear  liquid. 

Ternary  mixtures  containing  excess  HF  (mole  ratio  about  4HF/CIF2/ 
NO2F)  developed  relatively  little  pressure  at  -12°,  and  probably 
contained  sufficient  HF  to  completely  complex  the  NO2F. 

In  view  of  the  low  conductance  values  observed,  it  was 
surprising  to  find  that  a  momentarily  applied  potential  of  10  volts 
D.C.  resulted  in  a  current  flow  as  high  as  1-2  amperes  in  ternary 
mixtures  with  excess  HF  at  -12°.  This  property  was  shown  to  a 
limited  degree  by  HF  alone,  but  not  by  NO2F,  CIF3,  or  their 
mixture.  Action  on  the  nickel  electrodes  at  the  higher  amperages 
was  indicated  by  darkening,  sometimes  with  formation  of  solids. 

In  preparing  ternary  mixtures  containing  excess  HF  (mole 
ratio  about  4HF/NO2F/CIF3) ,  the  order  of  addition  appeared  to 
have  some  influence  on  the  products  recovered.  Addition  of  CIF3 
to  NO2F  in  HF  at  -196°  resulted  in  a  mixture  of  liquids  and  solids 
which  persisted  on  warming  to  -78°.  This  order  would  have 
permitted  preliminary  formation  of  NO2  F  •  HF  adducts .  The  ternary 
system  passed  about  .05  amp.  at  -78°  and  over  1  amp.  at  -12°. 
However,  when  NO2F  ■was  added  to  CIF3  in  HF  at  -196°,  a 
pressure  increase  was  briefly  noted  on  warming  to  -78°  and  a 
liquid  product  resulted.  If  N02F*XHF  or  NO2CIF4  were  present, 
they  or  other  products  were  soluble.  This  ternary  system  passed 
about  0.6  amp.  at  -78°  and  2  amps,  at  -12°. 

Products  from  the  electrolysis  of  the  ternary  NO2F/CIF3/HF 
mixtures  at  -12°  were  analyzed  and  were  found  to  be  CIO2F,  CIF3 
and  CIF5  but  the  pressure  of  the  samples  further  Indicated  the 
presence  of  a  considerable  portion  of  a  gas  nonabsorbing  in  the 
Infrared,  presumably  CI2.  The  liquid  remaining  in  the  conductivity 
cell  after  warming  to  45  °  was  also  examined  by  infrared  and  several 
runs  produced  samples  with  consistent  absorption  at 
commonly  associated  with  nitrogen  triple  bonding.  This  material 
was  never  identified. 
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1 .  Description  and  Layout  oi  ridiobaiic  u-,' ‘Orin£i.jrj^_ 

The  adiabatic  caLoriuietsr  and  tsn.perature  Tneesnrirg  equipinent 
were  contained  within  a  large  Plexiglat-s  enclosure  !T=25  '  i  .OS’C;  and 
located  in  a  small  laboratory  where-  the  rcorr:  temperature  was  mainiainad 
at  23,5  +  This  provided  a  ccnstani:  heat  leak  ^rcm  ihe  Fiexigiciss 

enclosure  and  easy  temperature  control  within  the  enclosure-  Access  to  ^ 
instruments  within  the  enclosure  was  through  gum  rubber  "iris  diaphragm." 
ports  (cf.  Fig.  7).  Dials  were  adjusted  and  electrical  haiances  were  made 
using  "poke  rods"  thereby  eiiminsting  thermal  gradients  iiom  the  numan 
hand.  This  is  illustrated  in  Fic.  7. 

A  platinum  resistance  tnermomster  was  used  to  determine  i.ernp~.a.u-e 
rises  in  the  calorimeter.  The  thermometer  v/as  connsctod  to  the  mes soring 
bridge  (G-1  Mueller  Bridge,  Leeds  and  Northrup)  through  a  mercury 
commutator  (No,  8068,  Leeds  and  Mcrthrup)  designed  to  permit  cancella¬ 
tion  of  lead  resistance  differences. 

A  1000-ohm  resistor  in  series  with  a  sloiv  bleed  Z-voit  ceU  \v.'iiJa'-C 
DD-S-1)  intentionally  limited  the  current  in  the  thermometer  circuit  to  1.  a 
milliamps.  This  current  was  below  the  2  milliarnp  continuous  flew'  used  in 
calibration  of  the  thermometer  at  the  National  Bureau  of  Standards^.  nis 
limitation  decreased  the  sensitivity  of  the  null  point  galvanomete..  (No-^^ 
2430a,  Leeds  and  Northrop)  but  essentially  eliminated  er-or  cue  to  hue  .^ng 
of  the  resistance  element  in  the  thermometer. 


It  had  been  experimentally  determined,  by  measuremeru.  oi  the  tncie 
point  of  -water,  that  temperatures  could  be  measured  to  an  accuracy  of 
0.001°  C  with  an  error  of  +  0-0005°  C. 

The  linear  povier  equation  established  by  the  National  Bu'eau  of 
Standards  during  calibration  of  the  platinum  resistance  thermo  meter  -^as 
programmed  for  the  Bendix  Model  G15  computer  and  a  pr.int  meaz^;-ea 

resistances  versus  temperature  was  obtained  from  c3°C  to  30  C-  in  va^s 
of  0.001°  C.  This  permitted  immediate  and  con-yenlent  determination  ci:  tem¬ 
perature  in  degrees  Centigrade . 

It  is  important  to  note  that  during  preliminary  runs  with  the  NH4GIO4- 
CO  system  it  was  found  that  the  use  of  3  platinum  sample  cup  and  support 
■ind  a  gold-plated  calorimeter  were  fo-ond  necessary  to  eliminate  the 
formation  of  iron  carbonyl  bv  the  reaction  of  the  bomb  alloy  v/ith  the  SAces.-, 
CO  at  the  high  combustion  temperature. 
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For  calibration  a  total  of  ten  combustions  were  carried  out  using 
N.B.S.  standard  benzoic  acid  under  certificate  conditions.  The  final 
accepted  heat  capacity  was  2455  +  2.8  cal/”C.  Additional  blank  runs 
were  carried  out  to  determine  the  heating  of  the  calorimeter  due  to 
electrical  Input  to  the  Ignition  wire  as  1.1  cal.  The  correction  in  the 
heat  capacity  of  the  calorimeter  due  to  a  substitution  of  CO  for  O2 
amounts  to  C.025  cal/°C  and  was  considered  negligible. 

The  NH4C10^  pellet  was  supported  in  a  platinum  cup  within  the 
gold-plated  calorimeter  and  ignition  was  by  an  electrically  heated 
platinum  fuze.  Prior  to  ignition,  the  loaded  bomb  was  flushed  at  least 
three  times  with 'CO  at  30  atmospheres  pressure  to  eliminate  atmospheric 
oxygen.  The  results  of  the  experiments  are  summarized  in  Table  I. 


At  the  conclusion  of  the  run  the  gases  within  the  bomb  were 
examined  by  infrared  analysis  for  traces  of  nitrogen  oxides  indicating 
incomplete  combustion.  Vapor  chromatographic  analysis  previously 
showed  that  the  vapor  phase  was  composed  only  of  N2'  CO,  CO^  and 
water  vapor. 

The  gaseous  products  were  then  dried  by  passing  over  MgC104 
and  adsorbed  on  ascarite  for  a  direct  determination  of  the  carbon  dioxide 
evolved.  The  liquid  phase  remaining  in  the  bomb  was  quantitatively 
removed  and  analyzed  for  acid  titer,  chloride  ion,  and  anionic  and 
cationic  nitroc®:!.  These  data  were  used  as  confirmatory  evidence  for 
completeness  of  combustion. 

2 .  Synthesis  of  ClOp 

A  1:4  molar  mixture  of  NaClOs  (21.2  g.)  and  H2C204*2H20 
(100.0  g.)  was  added  dry  to  a  500-ml.  3-necked  round  bottom  flask. 
Distilled  water  (25  ml.)  was  added  to  the  mixture  and  the  flask  was 
immersed  in  a  water  bath.  A  flow  of  nitrogen  (75-109  cc./min.)  was 
started  and  the  reaction  flask  was  slowly  heated.  CIO2  generation 
began  at  40-45”  and  the  nitrogen  flow  was  increased  to  about  300-350 
cc./min.  The  bulk  of  the  CIO2  was  evolved  between  45”-55”C.  The 
temperature  was  slowly  raised  following  diminution  of  gas  evolution  and 
was  maintained  in  the  range  65”-70”C.  When  generation  ceased  the 
reaction  mixture  was  quenched  with  100-150  ml.  distilled  water.  The 
C102i  trapped  out  at  -78  ”C,  was  purged  well  with  nitrogen  and  then 
immersed  in  a  -5”  to  -8”C  salt  bath  to  permit  the  CIO2  to  liquefy  and 
to  dispel  any  dissolved  CO2-  After  about  5  minutes  under  these  condi¬ 
tions,  the  -78 "C  bath  was  again  placed  around  the  CIO2  and  maintained 
during  temporary  storage  of  the  0102- 

2NaC103  +  2H2C204-2H20 - ^  2CIO2  +  2CO2  +  2H2O  +  Na2C204 
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5.  (U)  Synthesis  of  CIO??' 

The  liquid  CIO2  was  immersed  in  e  C'C  salt  bati'  end  vaporised 
with  a  nitrogen  flow  set  at  about  ?.S0  cc./min.  This  pennittsd  a 
sufficient  dilution  to  avoid  explosions  and  also  provided  a  reasonable 
rate  of  consumption  of  the  CIO2.  The  nltrcgen-diluted  CIO2  was  led 
into  a  copper  coil  reactor  [hrough  which  r2  cas  '.vas  passeo  at  a  flow 
rate  of  up  to  250  cc./min.  The  reactor  was  ma  ja  of  3/8”  copper  tubing 
and  various  lengths  gave  reactor  volumes  of  J  1  -3  230  ml,  (residence 
times  of  4  seconds  to  4  minutes).  The  most  satisfactory  results  were 
obtained  with  a  12 30 -ml,  reactor  volume  and  4 -min,  residence  time. 

The  product  gases  were  passed  through  a  1/4"  copper  coil  of  SS-ml. 
volume  heated  to  105-1 1C°C  (15-spcond  residence  time).  This  coil 
was  used  to  effect  thermal  decomposition  of  residua!  CIC^  to  CI2  ano 
02*  The  final  product  had  been  rrapoed  out  as  a  solid  at  -183°  C 
together  with  solid  CI2  and  liquid  N2/  and  Oo,  The  OI2  .■  ^2' 

and  O2  were  easily  removed  by  fractional  condensation  techniques. 
(Note:  Since  F2  was  removed  at  low  temperatures ,  no  reaction  with 
solid  CI2  was  observed.  The  formation  of  ClFj  wa'  also  not  observed 
in  the  heated  coil.)  The  water  white  produce  follcwing  purilication  'was 
stored  in  a  stainless  steel  cylinder  at  -8G°G. 

4.  (C)  Preparation  of  GIFs 

CsF  (13.4  g,,  0.088  moles)  evas  charged  to  a  nickel  eutoclave- 
After  evacuation,  the  autccieve  was  cooled  to  -78  °C  and  21  .G  grams 
of  CIF3  (0.2  3  moles)  was  vacuum  transferred  to  the  autoclave.  The 
approximate  mole  ratio  of  CiF3  to  Cs?  was  2.5:I.C.  The  autoniave 
was  placed  into  a  jacket  heater  and  maintained  at  80°C  +  2’  for  2e 
hours,  developing  a  maximum  pressure  of  80-85  psig  at  this  tsmperalurs. 

After  24  hours,  the  autoclave  was  cooled  in  a  water  bath  to  20-25 °G 
and  all  the  volatiles  were  pumped  off.  Calculations  based  on  0183 
recovered  indicate  the  CIF3  retainea  by  the  CsF  on  a  1:  mcis  oasis  was 
approximately  85-90%  of  theoretical. 

The  evacuated  autoclave  v/as  cooled  to  -I86''C  and  O.S  mo.les  of 
fluorine  was  introduced  to  a  total  pressure  (at  25 '‘C)  01  SIC  csig.  iiie 
F2/CSCIF4  mole  ratio  was  approximately  6/1. 

The  autoclave  was  again  placed  in  the  jocket  heater  and  maintained 
at  150°  +  2°C-  for  24  hours  and  then  cooled  to  -125°  to  -130”C.  At  this 
temperature  all  the  excess  F2  was  vented  off  until  the  autoclave  vras  at 
atmospheric  pressure.  The  autoclave  was  then  closed,  warmed  to  am.bient 
temperature  and  all  the  volatile  nroiducts  condensed  at  -196°C.  The 
residual  was  removed  under  vacuum. 
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The  product  was  then  fractionated  through  a  -100°,  -140°,  -196°C 
train  and  ClFs  was  concentrated  in  the  -140“  trap. 

Infrared  analysis  of  the  product  indicated  primarily  CIF5  with  some 
slight  contamination  by  CIO2F,  SO2F2  and  SF5.  (The  source  of  the  sulfur 
compounds  is  the  original  fluorine  used  in  the  preparation.)  A  comparison 
of  our  observed  absorption  bands  with  '.hcse  published  by  Rocketdyne 
(Ref.  3a)  are  given  below.  Our  spectrum  was  obtained  on  a  P-E  Model 
337  Grating  Spectrophotometer  (2-2^range). 

Rocketdyne  Our  Observed  Bands 
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12  SPONSORING  MILITARY  ACTIVITY 
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13  ABSTPiiCT 


Research  was  carried  out  on  the  synthesis  of  new  oxidizers 
composed  of  combined  forms  of  chlorine,  oxygen,  and  fluorine. 
Experimental  techniques  used  included  high  pressure  -  high  temperature 
reactions,  arc  and  glow  discharge  reactions,  and  electrochemical 
reactions  in  interhalogens  .and  other  active  fluorinating  solvents  (U) . 
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